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NOTICE

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related
Government procurement operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever; and the fact
that the government may have formulated, furnished, or in any way
supplied *he said drawings, specifications, or other data, is not to be
regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conveying any rights or
permission to manufacture, use, or sell any patented invention that

any in any way be related thereto.

This technical report has been reviewed and is approved.
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E. E. Riccioni, Colonel, USAF

Project Engineer Chief, Prototype Division
Air Force Flight Dynamics Laboratory Air Force Flight Dynamics
-l f Laboratory
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PREFACE

This report was prepared by the Boeing Aerospace Company, Research
nd Engineering Division, Seattle, Washington, under USAF Contract

1]

F23615-74-C-3100. The contract was initiated under Project 12070137,
identification of Aircraft System and Program lmprovements Leading to
Support Cost Reduction. The work was administered under the direction
of the Air Force Systems Command (AFFDL/PTC) with Nathan L. Sternberger

as Project Engineer.

Boeing Aerospace Company's principal investigators were Mr. R. E. Reel
ang Mr. O. L. Quigley. The contractor's report number is D180-18703-1.

This document includes work performed from 3 June 1974 through 3 July

1975. Document is submitted 3 July 1975.
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SUMMARY

The experience of aurospace cumpanies who are engaged in both the
military and commercial aircraft business suggests that comparison of
the commercial approach to desiyn-to-cost management of an aircraft
program with that employed by the Department of Defense will yield
many proven cost saving/cost reduction techniques and practices which
can be diroct1g applied to military weapon system procurements., To
achieve this objective, the study is directed at determining those
aspects of commercial aircraft procurement and operational support,
which 1f applied to the DoD environment, will result in significant
reductions in the unit fly-away and life cycle support costs of future
USAF aircratt,

This study assembles and analyzes existing data generated principally
on derivative military aircraft programs, The derivative military/
commercial programs contributing to the study are the 707/E-3A AWACS,
737/7-43 Navigation Tratner, and the 747/E-4A Command Post, Dats is
also presented from the YC-14, B-52 and helicopter programs.

The principal findings and recommendations of the study, which appear
to be cost-effective for implementation by the government, are 1isted
below, Complete reconmendations are included fn Section VI,

Immediate Benefit

Finding 1:

- e application of the current afrline maintenance practice for
wide-body afrcraft, as identified by MSG-2, is saving the
afrlines approximately 40% in manhours over the then-current
practices, This technique for determining the essential scheduled
maintenance requirements for new commercial afrcraft is practical
and effective on derivative afrcraft. The initfal estimates on
the B-52 and E-3A programs are savings of 25% of the manhours
expended for scheduled maintenance. The practice {s being incor-
porated in MIL-M-5096D. Besides the savings in manpower, afrcraft
availability also increases, (Section III.F.)

Recommendatinn 1:
Expand the use of this commercial meintenance concept (represented
by MSG-2) to all afrcraft programs. Initfate 1ts use on Aerospace
Ground Equipment (AGE) and Transportation equipment.

Finding 2:

~Many airline operators have no scheduled engine maintenance, other
than replacement of life-l1imited parts, because of the relfability
of the engines as evidenced by operatfonal data. On the T-43A
program where the commercial engine practices are followed due to
its derfvative status and contractor loqistics support, there will
be 76 fewer scheduled engine changes. Besides saving an estimated
7.6 mi114on dollars in hot section inspection and overhaul costs,
many Air Force mafntenance manhours and much fuel for runups and
f1ght tests are saved, Afrcraft availability fs increased,
(Sectfon f11.F.,)



Reconmendation 2:
Rdopt this commercial jet enyine meintenance practice to ail
cerivative programs which utilize coamerciai versions of jet
engines. Investigate its use on military aircraft prograins where
miiitary versions of commercial jet engines are used in similar
types of flying, e.q., B-52, C-141, C-5A, and C/KC-135. Adopt
this practice on ﬂ*her jet engines where religbility has been
proven by experience data.

Finding 3:

The airlines utilize an engine derating praciice by reducing
takeoff thrust cn occasions where conditions of temperature and
runway length permit {approximately 50% of the time). The pro-
cedure has been approved for the 1-43A program. Airline savings
have been noted in decreased fuel {5%), hot section reliability
{up 3-folé), inflight shutdowns {cown 83%), vremature remova
rate (down 50%), engine maintenance material (down 20%), and
engine overhaul labor {down 2%). (Section IIl.F.)

Recommendation 3:
Rdopt engine derating practices on all military aircraft by
reducing takeoff thrust when conditions of temperature and runway
length permit.

Finding 4:

The use of contracter support on existing fully operational
derivative programs {C-9A and T-43A) is saving the government up
to 402-45% in logistics costs. Contractor experience in base
custodial maintenance contracis shows coniractor labor is less
expensive than gevernment labor. ({Section II1I.7.)

Reccmmendation 4:
Expand the use of contractor su
and fc other cn-base support T
sguadrons. Study the agpplicati
military aircraft or military a
{C-130).

ipport to all derivative programs
nct 10 s such as transpertation
U
ir

u
iun of contractcr support to purely
aircraft with commercial derivatives

”creaSed the
ive programs apg.n;zw;‘ﬂiy $€0C,000.
Other raquiremenis, whose zppii ations increased contrector costs
of operation but were not guantifiable from the data analyzed,
include AFM 127-101, AFSCR/AFLCR 66-24, T.0G. 00-25-172, and
MIL-S7D-483. \Sertion [11.£.)

1974, AFR 55-22, "Contractor's Flignt Operations,

Findin
. The implementation of certain gavernment procedures increases
: the cost of derivative prograns. Through the fisst ten months of
i ~ B

cost of then-current derivat

~
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Recommendation 5:
Delete the reguiremnent
documents for which existing con
to be adequate.

Finding 1i:
The conversion of cosmercial d
tary specifications or standar
aircraft. The difference Letween %
books was almost triple on the T-43
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Reconriendation i:
lUtilize existing commercial data, eguipment and hardwzre in
of f-the-shelf form. Wher not available off-the-shelf, yse commercial
specifications. Add military requirements only on selected urique
equipment and/or where the commercial data is inadeguate to
satisfy system requirements.
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Finding 2:

The application of military practices on derivative programs often
dupiicates commercial practices which are already covering the
intent of the military requiraments. Few “"how-to" specifications,
such as "MIL-S-687Z, Soldering Process,” are required by experienced
maior military contractors on aircraft programs. Others, such as
MIL-F-8785, "Fiying Qualities of Pilcted Airplanes," are not
required unless there is major modification to the configuration,
or the use of the derivative is a wide departure from normal
commercial use. (Section III.C.)

53
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Recommendation 2:
Limit (or delete, as approprizte) the application of military
specifications on derivative aircraft programs.

L bt
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Finding 3:
The use of the aircraft as a training platform is expensive.
Airlines have reduced the ground training by 25%, the simulator
time up to 15% and the actual flying training by 50% by the use of
modern audio/visual devices, new type procedure trainers and
modern simulators as well as the use of the "Specific Behavior
Objectives (SBO)" approach. ({Section III.F.)

Recommendation 3:
[mpTement the SBO approach in flight training and expand the
current use of greater training by simulaters in lieu of airborne

flight training.
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e tary derivative programs may excend that of z
73 ft pro g rams by up to 10 times, czpending on the =
= pline. This corresponds tg the nusher of custoeer 7]
= cinc on each program. ({Section 111.C.} £
= tary aircraft progra= control in 2 reiativery small =
= highly skilled and experienced personnei. QDuring the -
= the Request-for-Proposal (RFP) prior to its issy E
data requirezents to the “need-to-know™ type. Then =
£ data submittal volume. Match data delivery timing =

= cozpletion schedyle to reduce ihe nuzber of revisions. =
= 1 military flight test program reguires al=ost 502

= t tize than the eguivalent commercial flight test,

= and route proving program. Most of the differences

E functional and reliability testing. (Section III.E.}

Recommendation 5:
Review Categories I, II and I11 flight test require=ents on
derivative programs relative to existing commercial and Federai
Aviation Administration {FAA) test procedures. Use existing
contractor procedures or for= new simplified integrated test ang
evaluation procedures as required.

-

Long ferm

Finding 1:
Many military s&eci;i:e?icrs and standards cveriap each other
and make it difficult for the designer to know that he has
complied with the regazresents- There is the added cosplication
in that specifications reference specifications that reference
other specifications. O(n the derivative prograss reviewed, there
are 18 military specifications, standards, eic., on ejectro-
magnetic interference {EMI) versus nine for the comsercial
aircraft. One military standarg Ssperseées two military specifi-
cations, yet all three are included on E-34% and £-4A prograss.
{Section I1I.C.)

i 9 bt 1

Recosmendation 1: )
Consclidate existing military specifications, standards, regula-
tions, manuals, and special documents.

- Findina 2:

= 1. Commercial customers rely heavily on past performance in the

g decision of purchases. Contractors and vendors with good perfor=-
ance history are considered more favorably and with fewer resirictions
than those who are new to the design and =anufacturer of an air~craft
type, part or equipment. Specifications are written accordingiy.
{Section I11.D.)
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Two categories of designated representatives are used in the
development of new aircraft:

Mo
o R

ﬂ

e Designated Engineering Representative (DER) - A DER is
authorized to approve engineering information and data
within the limits of his designated field specialty whenever
he determines that the information and data comply with
the applicablie regulati~ns.

¢ Designated Maufacturing Inspection Representative (DMIR) -
A DMIR is autheorized to approve quality assurance matters
similar to the DER in engineering.

(Section II11.B.)

Recommendation 5:
“~olement derivative (or possibly new military aircraft) program
management and administrative requirements ' °ginning with
the contractor's specifications and FARs .:. -+.ing the applica-
tion and flowdown of additional requirements to areas of genuine
need) and utilizing the FAA DER/DMIR type system on a military
program.

Finding 6:
Tne acquisition phase of a commercial program is much less
stringent in area of details required and customer/contracts
comiunications. This allows an evaluation of the proposed system
through the concept/proposal phase to production authorization,
thereby optimizing the cost versus performance of the system.
The rigidity of the military process does not allow much evaluation
because of the restriction on communication and the requirement
for sustaining a status-quo competitive condition. A contractor,
thinking he has a competitive advantage, might very well decide
not to include significant innovations/deviations in his proposal
because of the probability that these improvements would be

8 imposed on all other proposals, including those already dis-

ﬁ qualified. This results in several possinle disadvantages:

: (1) should the leading technical proposer submit his improvements
and they, in turn, get imposed on all other contractors, the
winning contractor could be the least technically qualified and
win on cost alone, (2) should the contractor with the improvement
lose the competition, the improvement may never be realized by
the program, (3) should the winning contractor elect to propose
his improvement after winning, the cost of the improvement would
, increase because of program interruptions, delays and loss of the
competitive environment.
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Recommendation 6:

Revise the mechanics of the military acquisition process to permit
better communication/interface between the customer and the
contractor without jeopardizing the contractor's proposal. There
should also be provisions which allow a contractor to submit
improvements without losing his technical advantage.

The complete set of recommendations is contained in Section VI.
Further discussion is found in Section IIl. The feasibility of
implementation is discussed in Section IV. Cost impact of the above,
where data is available, is found in Section V.




PRECEDING PAGE

SECTION I
INTRODUCTION

The experience of aerospace companies, engaged in both the military

and commercial aircraft business, has indicated that a comparison of
military and commercial design-to-cost aircraft procurement and opera-
tional support practices may show cost reduction differences in techniques
and practices which are directly applicable to military weapon system
procurements. This is especially true of commercial derivatives Tor
military programs which in themselves are a major step in the direction

of adoption of commercial practice. This study, therefore, covers the
analysis and comparative evaluation of selected military and commercial
program pairs such as the 707/E-3A AWACS, 737/T-43A Navigation Trainer,
and 747/E-4A Command Post. It also reviews cost patterns, where applicable,
of the YC-14, B-52 and helicopter programs during all phases of

system 1ife cycle. The study is limited to areas wherein comparison is
meaningful, i.e., mission equipment on the E-3A has no commercial equiva-
lent so it is not considered.

The basic objectives of the study are to:

e Identify differences between wmilitary and commercial aircraft
design-to-cost procurement and support practices.

Evaluate significant differences relative to magnitude, cause
and impact on life cycle phases and costs and on total »rogram
costs.

Determine practicability of applying selected commercial
practices to future military aircraft program acquisition
practices to achieve cost reductions.

The technical approach for accomplishing the study is shown in flow
diagram Figure 1.

13K 1 TASK i TASK I TASK 1v
TLCHNOLOGY SASE PROGRAM PRACTICES FEASISILITY STUDY A.:::Ll‘f;s
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EXPERIENCE DATA
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Figure 1. Approach




The five main tasks are described below:

Task I: Technology Data Base

Develop a military and commercial data base required to conduct the
study and needed to identify and analyze those acquisition and support
practices used by commercial businesses which would help reduce the
costs of military aircraft programs. (See Section II.)

Task II: Analysis and Comparison of Military and Commercial Practices

Using the technology data base compiled as required by Task I, examine,
analyze, identify and compare the acquisition and support practices of
the selected military and commercial programs and relate these practices
in each program studied to the various management phases including
planning, design, development, test and evaluation, manufacturing/
production, and operations and support. (See Section III.)

Task IIl: Feasibility Evaluation Study

Analyze the extent of the differences identified in Task II to determine
the cause and program impact of each difference within each of the
phases detailed in that task. Using the information developed,

evaluate the feasibility and practicality of modifying present military
acquisition and support practices and procedures and of adopting exist-
ing or some modified variation of unique commercial practices to defense
procurement and operational support. (See Section IV.)

Task IV: Impact Analysis

Analyze and compare the differences in military and commercial acquisi-
tion and support practices in terms of cost, flow time and resources
required and evaluate the impact of the commercial practices identified
for application to military programs in those same terms.

In Section V the contractor presents the cost impact of imposition of
military practice on an otherwise "all" commercial aircraft. Data

from an earlier 747 Command Post study tends to "scope" and "bound"
the inverse case of an "all" military aircraft shift to commercial

practice. This Command Post study is supported by other available

data in terms of cost, flowtime and resources.
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Task V: Study Products

regarding the feasibility and practicality of wodifying =il
procurement and support practices and procedires whi h contr®
materially to high acquisition and cperationdl costs and/or app
high payoff commercia® practices to milizary programs tTo achieve
reduced costs.

Most of the products of this study were preser
oral status reports.
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SECTION II
TECHNOLOGY BASE

The initial literature search for this study includes utilizing data
found in program data files, libraries,and the files of the Experience
Analysis Ceaters on military programs, cost studies and related informa-
tion, and on commercial programs and studies. An informal search continued
throughout the study and additional data was provided by individuals
contracted during the course of the study. The 1ist of these data are
contained in Appendix A, Parts 1.0 and 2.0. Identification of signifi~
cant regulatory controls imposed on military and commercial acquisition
programs is made from reviewing the AFSC Design Handbooks, a military
aircraft specification (KC-135), a commercial aircraft specification

and the specification trees for the E-3A, E-4A and T-43A derivative
programs. Appendix A contains a portion of this data in Parts 3.0 and
4.0. (For example, the E-3A contract and specification includes

244 first tier government specifications, standards and similar technical
documents, not including specifications for mission equipment.)

To correlate the individual specifications, a comparative listing is
made of the military specifications and their commercial equivalents.

This list is presented in Appendix B.

Supplementing the literature search, additional information was
obtained through questionnaires and interviews. Two questionnaires
were used to pinpoint areas of concern and to determine the major
differences in these areas of concern. The first questionnaire used
multiple choice answers to a set of questions tailored to contractor
practices. These were sent to a number of key personnel experienced
with both military and commercial programs, including program managers,
design engineers, test engineers, materials and process engineers, cost
analysts, buyers, manufacturing planners, quality control inspectors
and logistics engineers. The Program Management questionnaire with
composite answers, shown in Figure 2, is typical. Each questionnaire
provides for additional items as well as other suggestions to acquire

information.

The compilation of the answars is shown in Table 1. (The summary of
questionnaire answers by discipline i: contained in Appendix C.) Greater
involvement of more people, due to, or resulting from more specifica-
tions and data requirements, is pinpointed on nearly every return as a
major difference between military and commercial programs.
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Subject:

ESTICNHAIRE

Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Program Management

Instruction:

tD@*-IO\U'\h?)

PPy

*Sum of all answers received.

ITEM

Degree ¢of preliminary planpning . . . . .,

Number of trade studies . . . . . . . ..
2a. Configuration . . . . . .. .. ...
2b. Cost . . . . . . . ... ...
2c. Customer . . . . . . 4 ¢ o o ...
2d. Competition . . . . . . . . . « . ..
2e. Subcontractor . . . . . . . . .. ..

No. of controls . . . . . . .. ... ..
Sizeof team . . . . . . . . ...
Freedem for long-range planning | | . |
Customer coordination . . . . . . . . ..
Vendor/Assoc./Sub. involvement . . . . . .
Industry involvement . . . . . . . . . ..
Directives (Comnand Media) . . . . . . ..
Use of current state of technology .

Upper management review. . . . . . . . ..
Time required for decision making prei2ss.
Written corresoondence . . . . . . .

Phone conversations . . . . . . . . . ..
No. of file cabinets for records . . . . .
Establishment of Program Goals . . . . . .
Establishment of Design-to-Cos: Goals
Marketinq involvement . . . . . . . . ..
Facilities requivements . . . . . . . ..

OTHER:

Place check in Rating column which most closely matches experience.
RATING (MILITARY 70 COMMERCIAL)
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1. Please submit names of other individuals to whom gquestionnaire should be

sent:

=

!

2. 1Is there a better way to acquire this information:

Not a1l responders answered all questions.

(T,

Figure 2. Typical initial Questionnaire
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TAbLL . INITIAL QUESTIulNAIRE SUMMARY

Line Zatry Answers - Pergent
Comparison - Military to Commercial

Questionnaires

Phase Much More More Same Less

Initial Planning* ‘L ~
54 33 33 24 10

Program Mgmt* J

Design Engineering 44 33 34 30 3
Manufacturing 17 17 45 28 6
_ Testing n 30 45 18 3
: Operations and Support 1 24 39 16 21
TOTAL 143 31 36 26 6

*Includes Program Management, Contract Administration, Firance and Preliminary
Design

Based on analyses of the answers tc tne initial questionnaire, a second
questionnaire, which focused on the identified areas of concern, was
sent to selected pzrsonrel including many managers at all levels. Where
any of the answers indicated, an interview fcllowed. Interviews were
also conducted with perscnnel at cther contractor locations by telephone.
The answers and interview information are included in this repeort. Copies
of the second questionnaire are included as Appendix D. Each set of
queins has two parts - one part which is general in nature and applies
to aW¥ phases and a second part which reiates specificaily Lo the disci-
o pline of the addressee. A set of the second questionnaires was forwarded
to the Air Force Study Manager for Air Force use.
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One requirement of this task of establishing a technolooy base is the
investigation of the funciions within each major program phase. Analysis
of both military and conwercial typical orogram phases indicates ihat at
the level of the major phases, shown in Figure 3, it is possible zo

make a comparison because the major phases are similar. The military
phases shown are those presented and described in AFSCP 800-3. The
typical commercial program phase activities are described as follows:

DESIGN TO COST * MANAGE TO COST
C |concerTUAL
(o]
W PROGRAM !
M DEFINITION
E COST DEFINITION
R AND COMMITVENT
Cc
! PROGRAY
f GO-AHEAD PRODUCTION
PROGAAY DELIVERY =}
FULL-SCALE Gp-AHEAD
M DEVELCPMENT _
1 Acquisitioy = | PRODICTION
GO-AHEAD £3:0
L FABRICATE | FARRICATE
"T TEST _—
LOGISTICS
A PROTOTYPE DEVELOTENT
R TECHRICAL HARDIWVARE
Y arp AND | REFINEMENT - *DSARC DECISION
PROPOSAL POINT
CONCEPTUAL| VALIDATION . *

Figure 3. Phases of a Typical Program

1. Conceptual Phase: For analysis of the market, definition of the

market segment to be covered, definition of candidate design concepts,

verification of technical program feasibility, establishment of
potential profitabiiity, investment requirements and limitations,
airline contacts and definition of the type of program participation.
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2. Program Definition Phase: For market research and analysis of

requirements, establishment of airplane performance objectives to
meet market requirements, establishment of airplane configuration,
analysis and documentation of technology, establishment of nominal
performance and guarantee objectives, documentation of configuration
(Design Data Document), establishment of program planning and
management principles, establishment of work allocation principles
and firm work allocation plan, establishment of programming for
baseline program, establishment of initial work package definitions
aad preliminary cost estimates and allocations, establishment of
orofit and pricing objectives, establishmert of business and
financial risks, identification of resources required and preliminary
cash-flow analysis and identification of key management and related
assignment plan.

3. Cost Definition and Commitment Phase: For firm configuration defini-
tion, complete te hnical validation, customer specification develop-
ment, establishment of definitive implementation plans and internal
commitments signed by key managers with production phase responsi-
bility, completion c® firm commitment agreements on major vendor
items, establishmer* ¢f price and other basic sales terms and con-
ditions, verification of resources required including capital assets,
verifications of program cost and cash-flow and profitability risks,
submittal of sales offers, negotiation of firm sales contracts,
establishment of the production plans, and obtaining corporate
approval for program go-ahead.

4. Production Phase: For marketing and sales, cost and price verifica-
tion, airplane detail design and development, design verification
testing and airplane certification, manufacturing and assembly,
production deliveries, and post-delivery customer support.

The timing of the elements prior to "Program Go-Ahead" depends upon the
individual program and can vary considerably although the calendar time
from program go-ahead to roll-out of the first aircraft is essentially
the same on both military and commer-ial programs according to available
data. The commercial programs place the preliminary design activity
closer to the "go-ahead" date, since once this effort is complete and
detail design begins, little of the management leverage of design-to-
cost effort is left; i.e., the basic design {fixad wing versus swing
wing, three engines versus four engines, pressure vessel, etc.) is fixed
with only the details of sub-system components left. The military over-
comes some of the disadvantage c¢f an early RFP (less opportunity for
continued iterative design review and improvement and dialogue between
buyer and seller) by use of the prototype fly-off concept.




SECTION
PROGRAM PRACTICES

Task II of the study utilizes data from Task I to identify significant
differences between military and commercial procurement environments and
acquisition and support practices in tne various phases of initial
planning, program management, design engineering, manufacturing, test-
ing, and operations and support. These are discussed in the following
paragraphs. This report does not discuss the many excellent practices
of military programs or the commercial practices which do not appear to
be advantageous or applicable to military programs.

A. INITIAL PLANNING

Initial Planning is defined as that activity in the acquisition of a
program which precedes the decision to begin produciisn of the end
product and its support systems. The conceptual and vslidation phases
are the phases of a typical military program which are covered by this
activity. Comparisons of military and commercial programs include
identifying differences in the initial planning approach/philosophy,
sequence of events, marketability, and customer requirements such as
objective and need. A majority of the responses to the initial question-
naire shows that significant differences between military programs and
commercial programs are in the areas of preliminary planning, controls,
people, customer coordination, directives, decision cycle, communica-
tions, facilities, documentation, specifications, meetings, visits, and
preliminary design. There is little difference in the freedum for long
range pianning, market investigation, wind tunnel use, computer use,
completeness of design and internal coordination.

1. Customer Phiiosophy/Objectives

In comparing the acquisition and operational use of military and com-
mercial aircraft systems, certain basic differences in philosophy are
apparent. Military weapon systems tend to have a more complex set of
requirements to fit a new or specialized mission, with emphasis placed
on performance, operational and maintenance effectiveness, and initiai
investment cost. (Lowest initial investment appeared to be the major
determinant for the selection of the contractor in those programs
analyzed in this study.) Commercial aircraft design tends to progress
by evolution with heavy reliance on past experience. The normal require-
ment is to perform an existing mission more economically. Commercial
operators tend to be more willing to consider trading perfcrmance for
improved reliability, lower operating cost and decreased development
risk. (Competitive pressure may also result in greater performance.)
Military systems are procured for contingency use and normally intro-
duced into a peacetime environment. This generally results in a longer
test program and a lower initiai fleet introduction rate than is normal
for airline application. As a rule, commercial operators are interested
in the delivery of their aircraft, particularly the first ones, at the
earliest possible date to maintain a competitive edge and improve the
profitability of their operaticns. This results in high initial pro-
duction rates (to support all customers) expedited test programs, and
rapid accumulation of flight time, field experience, and performance
data.
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Figure 4 illustrates the product design philosophy used on commercial
programs to optimize the economic value of the product. The cross-
hatched tand on this chart indicates the estimated range of potential
value to tne customer ¢f the various design criteria of the product.

There are two imporcant points in this curve; first, that the market value
of a pruduct or a feature of a product is not a finite quantity; it can
only be estimated within a range. Secondly, that as the design is improved
on a particular characteristic of a product, there is a tendency for each
increment of improvement to have diminishing additional value to the
customer. In the crosshatched band is shown the range of probable cost

to the panufacturer of producing a product that meets the specified
performance characteristics. Again, there is not a finite estimate, but
rather & range. Further, it is important to recognize that as the
performance parameters are pushed to higher and higher levels, the cost
begins to rise quite dramatically. The overlap area of the cost range

and the market value range is viewed as a design window into which the
product must be fitted. Through the center of this design window is drawn
what conceptually might be called the practical limit of the commercial
state of the art. Beyond that point, it is apparent that the cost of

the product has a high probability of exceeding the market value. Host
commercial programs will be scomewhat less than the 1imit (Area 1). In
cont-ast, most military programs are in the right-hand area of the

design window (Area 2). However, the new Air Force procurement emphasis

RANGE OF
PROBABLE
COST

. SRS RANGE OF
COST OR VALUE s POTENTIAL

PER UNIT B MARKET VALUE
TO CUSTOMER

—_———
r-UM!T OF COMMERC{AZ}
l:STATE Of THE ART”

PERFORMANCE ——m—————>
@ Commcrcial=maore conervative

@ Military =higher performance - higher risk

Figure 4. Product Design Philosopny
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is attainment of satisfactory mission performance for the iowest life
cycle cost expanditure, as discussed in paragraph 2. One of the major
applications of the design-to-cost practice would be to determine how
much closer the military programs can realistically move toward the
commercial state of the art in order to achieve the cost levels and the
cost confidence that are desired to be achieved, still maintaining
defense posture.

The nature of a commercial customer is one of a profiimaking busisess.
Of necessity, success motivation is high since company success and
career opportunities are directly related to profitable procurement
decisions. Accordingly, the authoiity to commit to expenditures and
procure commercial airplanes or changes to tne basic design, is tightly
controlled within the customer's organization. If the pilots of a
particular airline want the cockpit redesigned to their preferences,
there must have been justification based on cost and the benefit in

real business terms (safety, efficiency cof operation, etc.). If the
maintenance pecple want interchangeability of ali nacelles, there, aiso,
a justification must be established based on cost savings in the future.
Each cost added must be justifiea in terms of return on investment {ROI).

Figure 5 illustrates the economic investment, reccvery and profit for a
major commercial aircraft program. On a2 commercial program the focus
of management decisions is on the total program and its ultimate return

+
/ DECISION
TO SELL
DOLLAR THIRD
FLOW VARIANT
0 TINE
DECISION DECISION “¢ PREDICTED MARKET LIMIT
TO SELL
TO SELL
SECOND
FIRST VARIAKT
VARIANT ¢

® Management decisions are based on retum on investment

@ Scarch for uptimum designicost continues

Figure 5. Program - Investment, Recovery, "rofit
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on investment rather than on one procurement phase or fiscal period at
a time, Also, the search for a more optimum design and lower cost
continues throughout the program, This effort may be considered as a
"re-investment" since additional funding is normally required, The
military parallel for re-investment is believed to 1ie in the engineer~
ing change proposal (ECP) effort of the military customer and the
contractor to achieve the optimum design and the optimum cost of the
total program, This effort may be 1imited to the immediate fiscal
period, Thus, what commercial managers consider "re-investment” in
the total program sense might be considered as a "cost overrun" by
some reviewers of a military program,

. 2; Design-To-Cost Approach

In the past, the typical military request for proposal for an end item
specified minimum performance requirements and specific schedule re-
quirements, A proposal which did not meet the performance or the schedule
requirements was generally judged not responsive and therefore out of the
competition, The cost varied, depending on the design approach to fulfill
the stated requirements. Normally the lowest cost bid won, irrespective
of the design approach submitted.

Current military directives state that cost must be included in program
trade-offs. The design-to-cost approach states that with respect to
overall program goals, cost will be an equal factor with performance
and schedule in selection of a final design. (Figure 6.)

PAST TYPICAL APPROACH DESIGN TO COST APPROACH

/
/f

co5Y CcosT
. | penronmance
- lano
g I scHEDULE
— " : INPUT
]

PERFORMANCE AND SCHEDULE PERFORMANCE AND SCHEDULE
® HIGID PERFORISANCE NEQUIREMENTS ® COST AM EQUAL DECISION FACTOR
® RIGID SCHEDULE RECUIREMENTS ® PERFORMANCE — SUNECT TO COST TRADES
® COST APPLIED AS THE VARIABLE ® SCHEDULE ~ SUBJECT TO COST TRADES

Figure 6. Frogram Approach
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Because of the nature of the commercial industry and the direct connection
between profit and loss, cost has always been a trade item in the planning,
design, manufacture and operation of the end item., Thus, the objectives
are much clearer, perhaps due to the practice of reducing most decisions

to cost (or some function of cost) and profit to the manufacturer and

the operator. For both of these areas, well established yardsticks are
available.

Much of the emphasis on design-to-cost is placed on the design of the
product, including its operational and maintenance requirements. However,
there are many other program elements that are equally critical, i.e.,
manufacturing plan, resources (people, facilities, financing), organiza-
tion structure, management plan, make/buy plan, procurement plan,

program schedule, sales/marketing plan and product field support plan.

The important item in program cost is to recognize the fact that the
greater potential for cost avoidance is at the beginning of a program
prior to design release (Figure 7). The importance of timely use

atf—en— THE MAJOR ELEMENTS OF PROGRAM COST HAVE BEEN
PRE-DETERMINED BY THIS POINT IN TIME AND WILL BE
EXPERIENCED DOWNSTREAM OVER TIME
COST
AVOIDANCE
POTENTIAL

—r———— — S - San. — - ———

PRGDUCTION
DEFINITION|  DESIGN | pioones © PRODUCTION

@ THE GREATEST POTENTIAL FOR COST AVOIDANCE EXISTS DURING CONTRACY
DEFINITION AND DESIGN WHEN CHANGES HAVE NO PHYSICAL IMPACT

@® THE TRUE ESSENCE OF DESIGN TO A COST 1S THE YHOROUGH DISCIPLINED
MANAGEMENT OF A PROGRAM IN THE CONCEPY DL FINITION AND DFSIGN PHASES

Figure 7. Design-To-Cost




of available management and design tools during the program development
process is emphasized in Figure 8. This figure identifies two phases
in a program life; one which might be referred to as the "design-to-
cost" phase on the left, overlapping somewhat with a phase which might
be called "manage to cost objective." The solid line represents the
percentage of costs that remain uncommitted or undetermined at each
stage of program. By the end of preliminary design, for ex: iple,
decisions have been made which commit approximately 70% of the ultimate
unit cost and only 30% of the cost is available for management leverage.
Cost leverage is the ability to further reduce the cost. By the time
the program is into production and is approaching delivery, the manu-
facturer has an influence of perhaps 10% on the ultimate acquisition
cost of the program. This is true, even though only 30%-35% of the
funds will actually be expended by that point as shown in the dotted
line.
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Figure 8. Phases of a Typical Commercial Program




3. Program Acquisition Practices

A review of the different practices used in the acquisition of military
and commercial products indicates that similar steps are taken on both
programs. The structure of the commercial program and the contractor/
customer interface, however, is much Tess detailed and rigid than that
of the military. The contractor is continuously in contact with the
commercial customer during each step to determine his needs and desires,
thus obtaining the visibility needed for refining and improving overall
product performance. A direct comparison of customer actions in the
different approaches used in each type of program during acquisition are
presented in Table 2.

TABLE 2. PROGRAM ACQUISITION

: MILITARY COMMERCIAL

% o determines and internally o determines requirement or is
¢ coordinates the requirement presented proposal

% ¢ solicits proposal e interacts with contractors to
{ e selects contractor improve 1t

o selects contractor

= e internal evaluation with little |[e relatively continuous interface
=H £ or no knowledge by contractor from concept to go-ahead

A

Dk 4
[ )

multiple bids solicited or proof | e selects contractor based on part

[ R IR I

;% of necessity of sole source reputation, product, cost, and/or
= . timely availability of the product
;‘% j

48 : e can always challenge cost e no challenge available if product
= { through higher court meets requirements

® specs say what, how and require e specs say what but require little
much data data

o little if any warranty (at least |e significant warranty
in past procurements)

e long term funding very vulnerabl2 { @ long term funding available depend-
depending on social-poiitical- ing on market and management skill
economical environment

@ current or past performance can e contractor past performance on meet-

have relatively little impact or ing guarantees and in product support
follow-on business depending on has major impact of future business
product

: e decision based on cost e decision based on cost and best

: . ROI as determined by best form-
: o performance or schedule exceeding ance? schedule gnd ¥owesz Bzg costs

RFP requirement of little value
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The military customer normally makes his decision on the proposed cost,
based on proposal performnance and scihedule. Often the RFP response

must be made within an extremely short time. It is here, to a major
extent, where life-cycle costs are determined since preliminary design
must be fairly compiete if the contractor is to have a credible proposal.
The commercial customer and the contractor continue to iterate the design
until a contiract is signed. The military customer selection process

may take longer and require the contractor to remain in a holding
position without opportunity to improve his design offering. On the
other hand, the comrercial contractor continues to improve his design

or increase his confidence with the customer, thus improving his bargain-
ing position. The contractor normally works with the military customer
from the time the need for a military product is identified, through

the conceptual phase, and into the validation phase up to the time of
writing the RFP., The writing and review of the RFP is accomplished
without formal contractor assistance, yet many detailed features of the
design, schedule, and program administration (and correspondingly, cost)
are determined by the RFP. Hence the contractor may have to respond to
some less-than necessary "requirements."

Some government agencies are now advertising for RFP review prior to its
release. This will enhance the environment for "tailoring" of require-
ments and specifications to the specific program, and, perhaps
eventually, tailored to take advantage of a specific contractor's unique
expertise.

An example of the difference between commercial and military RFPs and
responses is shown in Table 3. The contractor received an RFP in typical

TABLE 3. PROPOSAL EFFORT - CAM

(Preliminary design study sub-contract)

Initial (typically commercial) ~ 3 page—RFP
44 page—proposal

Final (redirected by gov’'t) — 600 page—RFP
446 page—proposal

Increased cost of proposal effort —$80,000

Increased study cost for
spec compliance - 28.5%
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commercial format (three pages) irom the prime contractor of a government
program to perform a preliminary design study utilizing a commercial
aircraft. The RFP was subsequently reissued in accordance with prime
contract requirements because the cost exceeded the procurement threshold.
The estimated increased cost due to specification compliance was 28.5%

on a four million dcllar contract in the example shown.

The major problem in the validation and source selection phase facing
the military and the contractor is to improve the visibility of the most
important matters and reduce data volume and resource application on
those items which are well understood. Without this tailoring the data
packages which are rrepared to support a military procurement tend to be
large. (Note the example above.) Since the commercial customer is only
the user and has the FAA to participate relative to airworthiness, his
requirements for data are few. But the FAA also has fewer data require-
ments, (The small quant(ty of customer data is offset somewhat by the
many commercial customers.) The military customer requires data to
provide visibility that each phase of every element has been met to his
satisfaction. (Cost avoidance will occur if fewer data requirements are
appended, especially to relatively low risk, proven items; e.g.,

e to request data readouts on the KC-135 inflight refueling boom
when it was installed on the 747 and operated by Air Force
boom operators

to demonstrate the 7-43 could be recovered and prepared for
takeoff at home base in a maximum of 45 minutes elapsed time
when the 737 had been doing better than that for over five years

to verify the flying qualities of derivative aircraft

to require reliability analytical verification data on the
purchase of off-the-shel“ equipment which has been in commercial
use for a number of years, and

to require material accountability on equipment in satisfactory
performance on commercial aircraft programs.

One of the basic objectives of the government for the Validation Phase
is attainment of an accurate prediction of production costs and a
commitment by the competing contractors. As a practical matter, this
otjective is somewhat difficult to achieve at an early stage. Because
of the emphasis on price competition and government contracting rules
(he must submit and commit to plans or be non-responsive), much of the
data, planning and performance commitment may not include adeguate
consideration of unknown technical problems.

When technical problems do arise, as the program proceeds, it becomes
necessary to modify the original planning. It is important that an
environment be sustained wherein programs are able to flexibly adapt
programming to resolve emerging problems.




B. PROGRAM MANAGEMENT

Program management, in this study, encompasses the functions involved

in the management operation of an organization. It includes decision-
making, planning, scheduling, cost control, reporting and selection and

use of resources and affects all organizations in all other phases of

a program. This task identifies the differences in the program manage-
ment process applied to past military and commercial programs, considering
such items as defined goals, iterative planning, decision-making processes,
cost control, and size and continuity of the management team.

Analyses of the answers to the initial questionnaire indicate th. . "he
basic difference between military and commercial programs is the
involvement of more people when interfacing with the military customer.
This results mainly from larger numbers of specifications, standards
and regulations and the detailed documentation and coordination result-
ing therefrom.

1. Management Procedures

Identification of scme fundamental management differer .5 between
development of a commercial product and a military pr . ict is presented
in the foilowing paragraphs. These differences also explain how
comparable functions are performed on contractor commercial programs
and when the techniques of DoD management procedures are applied.

A relatively "structured" system engineering discipline is used on
military programs to determine equipment and other requirements based
upon necessary functions to be performed by the system. This discipline
is especially applicable when system functions are new and their
technical solutions are either complex or have significant technical
risks.

With commercial aircraft programs, however, a different approach is
followed. Aircraft have a substantial heritage of proven solutions to
many varying requirements. Essentially, all aircraft have a common
series of "functions" performed inflight. The major task facing an
aircraft designer is tc apply the latest proven technical developments
to improve the performance of each of those functions. Example: The
use of functionally oriented logic to discover that the aircraft needs
a wing is, of course, not necessary. The major task facing the aircraft
designer is how to improve the wing efficiency. Even such requirements
as wing area, wing loads and control surface areas are fairly exacting
decisions, each determined analytically after weighing reasonable
alternatives.
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This difference can also be viewed in another manner. The commercial

customer is not separately funding research and development (R&0) but,
instead, is buying an assembly line product with specific performance

guarantees. Consequently, these significant differences emerge:

b
i

gl

(1) In the procurement and funding of R&D,.the government tends
to retain review and approval authority on technical decisions,
design approaches and the justification of selected solutions
from alternatives. To exercise this authority, extensive
documentation of supporting data is required. Time is required
for bringing each receiver of data tc a knowledgeable decision
level. Extensive data is often required to satisfy the needs
of goversment agencies.

P

(2) In the commercial market place, the contractor deals with a
relatively few engineering representatives of each customer,
whose concerns are similar but not as deiailed as in the
military practice. The commercial concern for achievement
of specified performance is expressed through contract
provisions for warranty. (Warranty for military programs is
being studied but ro contractor position has yet been
established.) Under these conditions, the manufacturer is
able to decrease the paperwork invoived in the justitication
and recording process and to rely more upon proven judgment
of the persons to whom program responsibility is 2ntrusted.
Furthernore, the FEA (which has interests similar to those of
the Air Force) delegates much of its airplane certification

; review authority to the contractor. This step expedites actions

i ; and minimizes assigned government personnel and documented
AT justifications.
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3 The practice, used by the FAA to decrease the decision cycle time as

3 : well as reduce data flow, utilizes contractor employees as Designated
E : Engineering Representatives (DER) and Designated Manufacturing Inspec-

E tion Representatives (DMIR). A contractor employee, skilled in specific
: disciplines (in engineering, this would be hydraulics, electrical,
avionics, structures, etc.) is designated as a representative for the

: FAA. He is authorized to certify that certain specific designs ond

= : tests comply with Federal Air Regulations and submitted test plans.

e The FAA engineers retain jurisdiction to concur with his decisions and

t also to determine what other designs and tests can be accomplished

{ analytically or operationally. To limit the number of operational
E tests, the commercial contractor utilizes the DER'S knowiedge to assure
| that the original design and design changes c-.ply with the FAR criteria
=1 and thus be assured that FAA will certify the produc:i. If, in the
E | performance of this duty, there is disagreement between his decision and
that of the company management, the matter is referred to the FAA for
A final decision. The same is true with DMIRs and the Quality Assurance
3K Department. The DER/DMIR practice works well commercially. This practice
o and its implications should be studied for implementation feasibility on a
= : new Air Force program.
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The data submitted by the DER to the FAA are usually one page reports
as are other data submitted to the FAA to present plans, analyses, and
administrative data. Simplicity is the key. Conversely, in military

practice, the form complexity and amount of documentation required is

greater.

Several questionnaire responses indicate data and documentation require-
ments in excess of what is needed may cause a problem, especially if

the program element providing the data has not stabilized and the data
is requested too soon.

The contractor has solved the data problem to a great degree with its
suppliers on commercial programs by use of a Supplier Data Requirements
List (SDRL) (Figure 9). This is a one page matrix of data requirements
patterned after the miilitary CDRL and is included with each order to

the supplier. The persons needing data complete the appropriate blanks
prior to the order being placed. The supplier, by referring to the
basic purchase agreements, then knows what and how much data is needed
when and prices it accordingly. A similar form is currently being
applied to derivative programs for the non-commercial equipment required
from suppliers.

2. Cost Control and Management

DoD Instructior 7000.2, Cost/Schedules Control System Criteria, is a
subject of much discussion. Although finance managers gererally accept
the principles of this document for cost control, across-the-board
application of this instruction can result in additional data which
requires more people. (uestiornaire data indicated that cost estimators
on military or military derivative progrems must be increased threefold
over similar commercial programs to perform the added work load.
Although the computer helps offset some of the added costs, additional

! manpower is required because the application of the DoDi requires a level
33 of detail below that on which the original cost data is based. A ripple
3N effect throughout the program is then feit. This DoDl also sometimes

=3 causes monitoring of individual parts or non-deliverable sub-systems:

f i for example, the hydraulic sub-system on one derivative program.

3 Participating finance managers indicated other areas of cost that can
result from military programs.

! a. Accounting Systems - Accounting systems have to be designed tc
,=§ accommodate billing and cost collection systems associated with
33 cost type contracts for the military. In general, these systems
= 1. require more detail in the data than would be required for
: similar commercial programs.
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Figure 9. 747 Supplier Data Requirements Lists (SDRL)

b. Accounting Rules - The need for interpretation of the various
accounting rules as set forth by ASPR and the Cost Accounting
Standard can result in periodic ailocation of resgurce to
resolve questions on the allowability of costs.

c. Billings - At times the cenitractor has to invoice down to
small work packages 2na provide cost justification at this
lower level. It sometimes happens that funding availability
does not properly match contract effort in terms of "color
and hue” of money. This resuits in added effort between the
contractor and the government precurement office.
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d. Overhead - The overhead settlement is required for each year
for all cost type contracts and is done by evaluating the
contractor's overhead costs for past years. It requires a
continuing effort to validate costs that may have been
incurred in previous years.

e. Functional Audits - Audits are performed to determine the
contractor's adnerence to the latest interpretation of the
accounting and procurerent practices. Support of these audits
requires added effort,

f. Negotiation of Frices - It is sometimes difficult to forecast
accurately all costs that will be incurred, particulary i

high technoiogy contracts. It is sometimes difficult in

negotiations to reach agreement on resource allocation for

unknowns .

C
n

g. Disclosure Statements - A1l contractors that have military
business above a certain doller amount are required to have on
file a Disclosure Statement which define< ine cost collection
systems to be used. Since the systems require governmental
approval, any changes, for whatzver reasons, are sibject to
review by the government thus requiring added effort.

These areas are recognized as part of the cost of doing business with
the government. The major contractors accept them. (The small

because of them.) As an example of d., above, the last contract for
the KC-135 aircraft is not yet closed although the last delivery was
over ten years ago.

3. Configuration Centrol

Configuration management techniques, as identified in the standards,
are generally applicable to both commercial and military airg¢raft
programs. Configuration identification and control techniques have
largely evolved from less formal techniques in general use for years.
While the contractor commercial activities do not specify the MIL-STD.
per se, the configuration controls provide essentially the same capa-
bility. Figure 10 shows the coremoriality. The commercial programs are
not as extensively documented as the government requires. When tailor-
ing is not done carefully on a military derivative program prior to
contract signing, the government and the contractor expend additional
coordination effort on proposed waivers and deviations when reqguirements
are not compatible.
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Figure 10. Configuration Management and Control Concept
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4. Customer/Contractor Intertace

Lt
o una g

il The task of handling the relatively large number of commercial customers
=1 : is quite complex.

féi i During the time period of pre-delivery after sales, the following major
38 segments of the commercial company are coordinating inputs and replys
E- i from the customer.

1. Sales
§‘; 2. Contract Administration
:E 3. Engineering
3 i 4. Manufacturing
3 , 5. Customer Support

Eack cne of these major groups is broken down into smaller operating
- groups that handle particular facets of any specific requirement.
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Currently the commercial company is simultaneously handling the individual
inputs from over 100 airline customers, operating a fleet of over 2,000
aircraft made up of four basic models.

While delivery of the aircraft reduces the involvement of some depart-
ments within a group and increases others, each customer still has
access to and requires support from each of the groups.

Though the same channels of communication remain open after delivery,
another cormunication line is introduced. Unlike the military which is
a single cperator under a single command, each airline is a unique
operational entity and as such will have its own individual problems.
The commercial program has more than 70 bases around the world all
feeding problems into the home base, These issues are handled within
the company and then corrective action is fed back to the customer.
The commercial customer support organization supports these 70 plus
field bases and more than 100 customers with a vast communications
network. A description of the assistance provided to the commercial
custcmer is presented at the end of Section III-F.

C. DESIGN ENGINEERING

Design Engineering includes those activities of design and product
assurance accomplished during the detail design of an aircraft. The
study task effort identifies major differences in military and commercial
acquisition practices as they relate to design engineering. Considera-
tion is given to sensitivity of performance versus cost, design reviews
and trade-offs, standardization (form and fit), number of drawings,
detail of specifications, subcontracting and warranty policies, low

cost configurations, and procedures for design changes.

Over two thirds of the responses to the initial questionnaire indicate
significant differences in the design engineering phase of military
aircraft programs due to more specifications and documents, longer
decision cycles, more formal desige reviews, more people, greater
coordination, more trade studies, more meetings, more trips, and more
writing time. The responses also show little difference in the number
and quality of drawings, mockups, new vendor items, liaison changes,
computer use, design time, new innovations (as distinct from higher
technology), research, and experience data.

1. Design Practices

The amount of design effort performed on either military or commercial
aircraft programs is essentially the same for equivalent requirements.

13 Figure 11 shows how the relative engineering manhours per part has

d increased over the years on military and commercial aircraft, primarily,

e because of increased product scphistication and improved capability.

]¢ The difference between the two is probably caused by the military customer's
1 practice of operating in the regime of advancing the state of the art

i {higher risk areas) and to increased data requirements. While the actual
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data on which this is based is proprietary, eight different j
programs over a span of 25 years are included. Estimates run
two to three times more for the comnunication its, mee
travel and telephone} segment of enginees The addi
effort does not 51gnzf’ceﬁt3y improve fi of the

products in the opinion of most perssn>

INCREASES CAUSED BY:
* INCREASED PRODUCT
SOPHISTICATION
¢ IMPROVED CAPABILITY
MAN HOUR DIFFERENCES CAUSED 8Y:
RELATIVITY

* HIGHER STATE-OF-ARY
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Figure 11. Engineering Labor Per ARircreft Par

Basic differences between military prograss and cosmercial program=
in design criteria. Govermment criteria tend to be "in :

i
oriented by military spe;s fications and standards, while
criteria are "output” and "test" oriented by Federal Air Re
(FARs). The military approach is to specify performance for
and then include “ha% to” reguirexents to build the aircraf
that performance. The ca§§§r;ia} approach is to specify th
and allow the contractor to determine the design which gets
ance. This approach ??TSIiS such more flexibility in the d:
the control of engineering effort. Figures 12 and 13 show
bility for electronic ng‘pEEEL design. The m=ain dif

diff
military requirements are aimed for their worst known
use while the contractor comsercial reguirements are aized at ¢
over anticipated use and take advantage of other data based on !}
of equipment. ARINC is more basic and to some extent may not
dther factors such as margin over average ezgériéffe. xact
vibration, dust, corrosion and EMP. Syita i
the FARs and subsequent testing. The c&ase
upon a performance warranly appears to be =
government's.
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Military specifications often reference military specificalions which
reference still other military specifications, until it is difficult

(and time consuming) to arrive at a position where a designer is confident
that he has met the requirement. There are times where the requirements
are too stringent for the application, and it is costly to either meet
the specification or get a deviation. (At the present time the normal
practice is to expect the contractor to request a devicztion of all, or

a nart, of any specificaiion included in the statement of work (SOW) or
contract. This is time consuming and expensive not only to the con-
tractor but also to the government. The SPO has to review each proposing
contractor's 1ist of deviation requests to reconcile the proposal so

that an equivalent SOW is presented on a common hasis to each competing
contractor. The government could save money by inciuding in the SOW or
contract only that portion or paragraph, by number, of each specifica-
tion for which compliance is required.

To further iliustrate the differences in government/commercial procure-
ments, the following compressed sequential description of the contractor
design process on a commercial program should be helpful. In arriving at
a particular commercial aircraft product configuration, the contractor
employs mathematical models representing the commercial market and the
operational characteristics of individual airlines. These models are
configured in a manner to ailow optimization of the product (aircraft)

: with respect to the economic considerations of the airlines. Accord-

1 ingly, the contractor applies a high degree of cost effectiveness
analyses in the early stages of the commercial aircraft system engineer-
ing, and conducts extensive trade studies to arrive at the appropriate
technical solutions to meet the individual mission reauirements of each
airline. yrom these analyses and trade-offs, wmodel specifications ard
performance requirements for basic missions are developed. The Federa:
Aviation Agency has published and maintains a rather extensive compiia-
tion of regulations with which commercial aircrafts must comply 1in order
to receive certification. ({These are listed in Appendices A and B.)
These requlations substitute for the need to identify functions as is
necessary in military standards on system enginecring management. An
internal Design Requirement and Objectives Document and a Design
Decision Document are prepared for each basic commercial aircraft to
reflect the design objectives for the aircraft and its sub-systems,
compatibie with the model specification,

AP A

O

g

These documents, although non-contractual, integrate the contractor's
experience and thus serve the same function as military specifications
and standards to a large extent. They are the contractor's internal

plan to assure a design that meets warranty commitwment. The commercial
procedure then produces a configuration description, performance typ~
specifications, test procedures for significant sub-systems, and outside
procured components of the aircraft. Finally, a full complement of
drawings and service manuals is prepared. Much of the training of the
air crew, maintenance, ground servicing and engineering personnel is
performed by the customer. Minimum data is required from the contractor.
Design reviews are conducted in a manner similar to the procedures
described in the military -tandards, but normally are not participated in
by the customers.,
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A study of the differences in design criteria as applied to an existing
commercial aircraft was made several years ago. This study investigated
the changes that would have to be made if the 747 had to qualify to
military design criteria. The impact is significant to the non-recurring
cost, depending upon the cost conscicusness of the person who adjudicates
the military specification application process and the degree of tailor-
ing accomplished. The relative costs are shown in Section IV. This
study is contained in Appendix E.

There are other problems encountered with military specifications on
derivative programs. For example, 707/727/737 aircraft do not meet all
the requirements of MIL-F-8785, Flying Qualities of Piloted Airplanes,
despite demonstrated and FAA approved capabilities, The differences are
discussed 1n paragraph F. TESTING. There are also cases where the
commercial industry feels that military requirements are too loose;
e.g., ARINC 413 follows MIL-STD-704, Electric Power, Aircraft,
Characteristics and Utilization of, but specifically states not to
follow -704A because it contains less rigid requirements.

On one derivative program, existing commercial parts are used when they
are applicable. Otherwise, new parts must conform to the applicable
military specifications, standards and regulations of the contract.

The electrical load control unit used on a commercial aircraft lacked a
required feature. Therefore, a modified part was required for a
derivative program. This meant that a new procurement specification

had to be written, whereas only a few paragraphs could have been changed

to make the existing commercial specification meet the requirement.
The difference is shown in Figure 14.

MILITARY COMMERCIAL

SPECIFICATION PAGES 119 26
APPLICABLE DOCUMENTS 97 8
DATA ITEM REQUIRED 48 15
COST

Figure 14. Design Requirements
Similar Item/Same Vendor
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The specification and design change problem is always attendant. Changes
due to engineering errors, generally caused by the increased sophistica-
tion of every new product, military or commercial, and by the tight
schedules, are to be found on both types of programs. Other changes,
mostly found on the military programs, are in mission and mission sub-
systems refinement and improvement. The speed with which deficiencies
are normally corrected vary widely. One program staff engineer (an ex-
Air Force SP0O director) explained it this way, "Commercial aircraft are
always at 'war' so they get fixed to perform their mission while military
aircraft (in peacetime) get derated, schedules get slid, etc., until an
emergency comes along. For instance, a commercial aircraft with a
landing gear problem would have been fixed very early in the program if
that commercial aircraft program were toc be financially successful."

Figure 15 shows the time comparison and the gates through which an
engineering change must pass. The time required to implement a routine
engineering change is fairly constant within the contractor's organization.
The additional time, which elapses before approval is received, is
basically determined by the customer. 1In commercial practice, proposal
prices and schedules are good normally for only 30 days from the date of
the letter. This short decision cycle works well, The best planning time
for USAF approval of an Engineering Change Proposal (ECP) includes 45 days
for decision from the day the SPO receives the proposal from the AFPRO.

On the E-3A program the change cycle averages over 250 days for routine
ECPs.

N =  Requirement L = Altline proposal

E  «  Engineering complete R~  Propoul to AFPRO

P —  Approvallin-house or receivad} F  ~  Propoul from AFPRO 10 $PO

B —  Contractor change board QO ~  Propoul strived at SPO

¢ -~ Contractor subm:ital tetter D =~ Decision by USAF CCB

A - Authorized working paper S = Suppiemental ageement

X = Executed SA maded by SPO
v P

INTERNAL CHANGE

N JOVA

\TAY
AIRLINE REQUESTED A YJ Y "
AN —_—
onance @ A A A
MILITARY ECP t m v __W
BEST AVERAGE R
A A A
MILITARY ECP & W VAV - v
OVER 250

ACTUAL - E-3A° ég Za& ‘

j I |

[ 160 200 0

CALENDAR DAYS

® 150F 19 ECP'S REVISED AFTER FIRST SUBMITTAL,
PROCESSING AVERAGED ADDITIONAL 77 DAYS AFTER
REVISION, CORRECTION OR COST UPDATF,

Figure 15. Change Cycle Flowtime (Routine)
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The longer decision cycle of the normal military program in times of
) peace can mean that changes do not get incorporated during production
i and consequently must be field retrofitted at increased cost. Als3y, a ;
longer change cycle during RDT&L and production leads to out-of- .
sequence chanye incorporation in the factory and during the test progran !
which increases cost. i

Engineering managers' comments indicated that, in general, the data
reguired in reporting and coordinating, as weli as the time spent on
design reviews durirg a wilitery prograem, are much grester when compared
to a commercial program. Seldom is the end product improved by the
subpittal of data which substantiates the dns.cn, a=though customer
confidence may be. It is not proposed that design reviews should be
eliminated but that attendance should be }imited tc those selected
individuals who can effect a meaningful critique of the design relative
to requirements. Commercial trend has been to limit des1gn reviews 10
contractor personnel with the customer present as an cbserver only
(participation might affect warranty).

2. Product Assurance

Product Assurance {PA) is that discipline or collection of disciplines
which assures fhat the end product will fit the overational conditions
1o which it will be delivered. Maintainability, reliability, safety
! «nd human engineering are basic requirements which must be dcsmgn
sPtG the product to obtain opt1w¢4 operational and support cost resalts.
Design-to-cost trades must be applied to support ccsts equally with
other de sign criteria.

PA requirements should be tailred to fit the program rather than de-
fined separately in the contract an d in the various specifications for
the irdividual parts, the sub-system and the end product.

o ——— B

Sometimes separate evaluation and deconstration programs may be reguired.

kays need be found to schieve similar results by integrating product
assurance activities in line with &njineering an 15gzs and the test

process. The cost of complying with reliability reqdaxewenuv, based o¢n

¢ commercial supplier's infar‘xztaié;ﬁ cf what was reguired, is porirayed
in Table 4. This part h1gh ter JE“ctU"t 1091* (H#TL) integrated circuit,

w3s one of seven being putchaq 4 for use on the e?e;t:1cau power genera-
tion control circuit equipmen. of the E-eA aircr“st. The vrice for ail
seven parts in the required quantity would have been J49J9 285 useq n

tre commercial aircraft. The total price rose to 547,500 by ro-dzv.qi
testing per MIL-STD-883 (including both Group 3 and € tests). {(NIL-STn-
683 covers testing on circuits as JAN-TX (Hi-Rel) does on equapWer‘.} The
conrtractor and the military custouer then reviewed the cperational
conziderations in detail for the requirement of high reliability and
mission essentiality of each part, with subsequent reduction in price
to $520,100. While the reiiability of these parts tc this level is
required because of the operational consideraticn, the example illustrates

!
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that the requirements are subject to varied interpretation and that
reliability requirements do cost and must be tailored to the specific
end item and the application under consideration.

TABLE 4. COST OF RELIABILITY

DERIVATIVE PROGRAM

PART - HTL INTEGRATED CIRCUIT
NUMBER REQUIRED - 100

JW i jl;I '“Js‘v ‘I.V‘;ll

REQUIREMENT MINIMUM QTY PRICE

e STANDARD COMMERCIAL 100 $ 498
e 100% SCREENED PER

MIL-STD-883 100 $1480
e SCREENING PLUS GROUP B

TESTING PER -883 1241 (1) $5925
® SCREENING PLUS GROUPB & C

TESTING PER -883 1372 (1) $8410

(1) 1000 MINIMUM BUY PLUS TEST SAMPLES

The typical Product Assurance program on a commercial program is an
integrated effort which results in a maintenance program. The three
primary objectives are to (1) minimize the length and number of delays
(reliability), {2) reduce maintenance requirements (maintainability),
and (3) reduce maintenance costs (maintainability and reliability).
The most significant characteristic of a successful PA program is the
translation of customer needs into meaningful, practical requirements
which can be met by the designer, verified in the product and used
effectively by the operator. The description of this PA effort on the
747 is contained in Appendix F.

On military and commercial programs the PA emphasis i3 on using prior
experience with components to avoid known problems, and to use proven
components, where possible, for reliability and commonality. On
military prograims one frequently has many new components and systems
as well. Hewever, on any program, only about 20% of all components
cause about 80% of all the maintenance costs due to unreliability.

The commercial PA effort is to concentrate on this 20% rather than try
to cover all items. AFM 66-1 data can pinpoint the major offenders on
existing Air Force programs. (The Government-Industry Data Exchange
Program {GIDEP) can &lso provide useful data on problem parts,
components and materials.} The same offenders will usually be major
problem items on new programs. The chart developed for the YC-14
Program is shown in Figure 16.
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Figure 16. Maintenance Cost Drivers

Effective use is made of existing data in commercial programs. Only
that sub-system which is new or only a part of a sub-system which is
new is given PA analysis and testing. For example, if a radio system
utilizes the same RT unit and same antenna as on a currently produced
aircraft but the cabling is new between the two, only the cabling is
given PA effort not the entire sub-system. On derivative programs,

the initial trend was to follow normal military practice on both
existing commercial and new military systems and sub-systems in lieu of
using available commercial data and concentrating only on the redesigned,
modified, or changed portion. Recently, however, greater emphasis

is being placed on using available data, both commercial and military,
to reduce costs.

Military programs do have difference requirements (combat ready, more
alerts but less flying, lower labor skills) than commercial programs,
but the difference is not proportional tc the order of the PA cost
difference between military and commercial programs. "Tailcring" PA
requirements to accommodate proven hardware and existing data will
reduce costs in this area.
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D. MANUFACTURING

Manufacturing includes fabrication and assembiy, quality control and
purchasing as related to this study. The principal effort of this

task consisted of identifying significant differences in military and
commercial controls of the manufacturing process. This effort included
standardization and commonality, tolerances, materials and process
specifications, production rates and schedules, quality control
inspections, volume of engineering changes, out-of-sequence modifica-
tions and manpower loading.

Analyses of the data gathered, showed that additional technical, purchasing
and manufacturing controls result from military programs even with the
purchase of an "off-the-shelf" aircraft. Unlike commercial contracts,
the government contracts for derivative aircraft affect the contractor's
manufacturing operations in that some procedures and systems must be
modified and/or new ones created to comply with the requirements. In
some instances dual operations may be created (e.g., one inspection

line for commercial parts and another for military parts; or one
procedure for buying commercial and another for buying military parts for
derivative programs - sometimes separate and individual procedures for
each derivative program). These costs could be avoided by having all
changes to the basic aircraft accomplished to commercial standards as

was accomplished on the Peace Station program.

i. Fabrication and Assembly

Initial planning studies and production estimates for a new configura-
tion are usually based on Aircraft Manufacturer's Planning Report (AMPR)
weight and past performance. At the contractor's, no special difference
is planned for military versus commercial programs. Figure 17 compares
direct manufacturing labor costs on typical jet aircraft programs.

Size of aircraft did not affect the relative effort between military

and commercial programs.
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In the contractor's experience, wanufacturing management {(an indirect
cost) is more affected by application of military requirements than are
the shop personnel. There are more mecstings with the customer, more
proposal requirements, and mere contract status and problem reports
when compared to commercial practice. These collectively require more
management time and meetings to plan, implement and control the added
requirements,

i i i
Ay

A case in point is the review of AFSU/AFLC Regulation o6-ci. "Maintenance
|- of Aerospace Vehicles and Related Support Equipment,” which provided the
. following examples:
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It was difficult to locate all 34 sub-tier military publica-
ticns wnich were required to determine compliance to the
regulation.

ffter extensive coordination with AF agencies involved, it

appeared that a lack of commor understanding of the require-
ments existed.

Recent visibility indicates that the regulation is being
rewritten to achieve a better common understanding.

Action taken on the application of this regulation is typical of most
and is illustrated in Table 5.

TABLE 5. REGULATIONS CAUSING INCREASED COSTS

AFSCR/AFLCR 66-24, Maintenance of Aircraft

o Has 34 first-tier publications
o Spent several hundred manhours to review

o Parts will be complied with
® Parts will be complied with by intent
® Parts are not cost-ef’ective to comply with
® Parts can be complied with but will be negotiated
@ Parts do not apply
MIL-STD-1518,Fuel Handling

@ Initizl estimate of compliance is $500,000 in
capital expenditure

AFSCR/AFLCR 66-24 is an example of a general comment made by several
managers during the course of the study: “The military requirements are
not always valid. They sometimes try to anticipate every problem ever

to be encountered and provide "how to" solutions on new product technolcgy
which may not fit very well.” The net result is that the contractor

may find himseif being asked to commit to requirements which may not be
cost-effective or necessary for the particular program.

Another example of a requirement which results in an indirect labor
increase is MIL-STD-483, Physical Configuration Audit. This standard
duplicates local Air Force Quality Assurance (AFQA) verification. The
audit involves approximately a one-week review of engineering changes,
supporting documentation, drawings, and planning, followed by an
inspection on the aircraft which requires one or two days.
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The work performed after rollout may also be affected by application of
government requirements. AFSCR/AFLCR 66-24 was discussed above. Two
others need mentioning. They are:

e AFM 127-101, Industrial Safety Accident Prevention Handbook

o T.0. 00-25-172, Ground Servicing of Aircraft and P¢ .itioning
of Equipment

Gn two derivative aircraft programs (E-3A and £-4A), safety precautions
above and beyond OSHA and contractor's fire department regulations were
added per AFM 127-101 and T.0. 00-25-172. These precautions include

no maintenance and no APU operations during fueling, thus eliminating
the use of two well established safe commercial practices. Conversely,
two other derivative aircraft {T-43A and Peace Station) were handled as
commercial aircraft where concurrent maintenance, APU operation and
fueling were permitted. The latter indicates that tailoring requirements
to program needs can be accomplished and will reduce cost.

2. Quality Control

According to Quality Control managers, the application of military
Quality Assurance requirements on derivative programs has caused Some
changes in the inspection system in ihe area of procedures, records,
and facilities. The Air Force Quality Assurance requirements impact
how the contractor manages and controls quality as well as measuring
the guality of the product and verifying contract compliance of that
product. Some military raquirements are less stringent than the con-
tractors' and some are more stringent. Specification QQ-A-367,
Alyminum Alloy Forging, represents both. It is less stringent than
contractor Material Specifications in the following areas: lot
acceptance inspection, grain flow conformance, internal defects
detection, and stress corrosion testing. QG-A-367 is more stringent in
requiring shot peening all non-stress corrosion alloys instead of being
selective as to application.

A study was made by Juality Assurance of twenty-two military specifica-
tions to determine the cost significance if these specifications were
made mandatory on derivative aircraft. The study showed a cost increase
of $40,000 per year, per specification, if 1002 compliance to the
wiiitary specification requirements in Quality Assurance were to be adhered
to. This cost figure was based on the detailed investigation of only

one set of specifications (BAC 57319 versus MIL-C-5541, Chemical Conversion
Coating on Aluminum and Aluminum Alloys). Table 6 lists the military
specifications and their contractor counterparts which are utilized in

the contractor's Finishes and Metals groups. Each specification's

cost significance is indicated individually. The above example is
considered a "major" impact. A "minor" cost impact would be from a few
hundred to a few thousand dollars, such as, the application of

MIL-F-7179 tc structural tubing where the interior must be painted or
coated with corrosion preventive, not a normel commercial practice.




H
i
¥
Ed
=

TABLE 6. COST SIGNIFICANCE OF MILITARY SPECIFICATIONS

EQUIVALENT MILITARY OR

#ICH ORDER SPECIFICATION
BAC NUMBER TITLE SPECIFICATION NUMBERS SIGNIFICANCE
BAC 5919 Type 1 {Chromic Acid Ancdized M1L-A-8625 Major
Coatings for Xlumirum Alloy<)
SAC 5022 Type 1T (Sulfuric Acté Anodized MIL-A-8625 Minor
Coatings for Aluninum 21luys)
8AC 5408 Method 11 {vapor Degreasing) T7-C-490 Minor
BAC 56C2 Heat Treatzment of Aluminum Alloys MiiL-H-6088 Major
eAL 5609 Type 11! (Dow 7} MIL-M-2171 Winor
8AC 5611 Feat Treatoent of Copper & Copper Alloys MlpL-H-7199 Major
BAC 5617 Peat Treatment of Alloy Steels MIL-H-6875 Maier
8AC 5618 Carburizing & Nitrcding of Alioy Steels MIL-S-6090 ¥ajor
AL 5619 Haat Treatrent of Corrosicn Resistant Steel MIL-5-6875 Major
BAC €521 Temmerature Contral for Processing of See Applizatle Heat Winor
Haterials Treat Specificaticn
BAC 5701 Tyse 1, 1! or 111{Bright Cadzive= Plating 03-C-&1y Major
cn Stacls Heat Trezted ip T2 222,000 psi)
BAC 5706, {Zinc Chrozate, Prizer Application) MIL-P-6808 Miror
5776, S245
BAL 5705, Pererial Spec. {BYS Equivalent Kt Required) MIL-L-7178 Minor
5275, 5755
BAC 5709 {Chromivm Plate} QQ-¢c-329 Major
8AC 5715 {Silver Plate) Gn-5-265 Miror
8L 5717 Type 1 or 1! (Tin Plate} M1L-T.15727 Minor
BAL 5719 {Treat Aluminum After Assesbly, Alcutine) #iL-$-5002 Minor
BAC 5719, {Alodine) MIL-C-5541 Major
5745
AL 5719 Class 3 wiL-C-554) Major
AL 570 {Protection of Interior Structural Tubing} MIL-F-7179 Minor
BAL 527€ {Treat Aluzinum After Assesbly, irigite} MIL-S-5002 Mincr
BAC 572€ {Iridite) MIL-C-5541 Major
BAC 573G Shot Peening MIL-S-13165 Kajor
8L 5720-2 Shot Peening, Self-Contained MIL-R-818481 Major
8&C 5724 Tyse I, Class C; Type 11, Class D and E, Mil-M-45202 Minor
{Azoc¢ic Treatment of Magnesive Alloys)
8aL 5789 pethed 111 {Alkalire Cleaning} 11-C-49) Minor
830 5750 {Solvent Clean or Cleas fny Sasis Metal MIL-S-5002 ¥inor
Cosersd by F-12.xxx Codes}
BAC 5765 {Clean Alusinue Covered by F-12_xxx Codes} M1L-$-5002 Minor
AL 5773 Type 111 {Iridite 13} miL-¥.3N Minor
8ac S0, Type I {Zinc Phosphate Coating) 11-C-4%9 Minor
Class 3 Material Spec. (B¥S Equivalent Not Required) PIL-V-173
8L 53C, Type %, Class 1 {Phosshate Costing) MiL-P-16232 ¥inor
Cless I
MIL-S-13165 Major

BaC 8951

3lass Bead Femning




Military aircraft are frequently delivered without 10U: of the approved
equipment instalied. This equipment is usually GFAE which does not
prevent the aircraft from flying but does not normally permit mission
operations, This tends to add complexity to the delivery process.

The FAA regulations will not allow delivery of a commercial aircraft
for revenue use without full equipment certification. This leads to

a cleaner delivery with less follow-up cost.

3. Purchasing

The major effect of military program controls, specifications and
standards, which must also be imposed on sub-contractors, vendors and
suppliers, is centered in the Materiel Department of the contractor.

The second questionnaire answer received from one Materiel Department of
the contractor is a coordinated composite of all the Materiel Depart-
mer:t comments on this phase of the procurement cycle. Commercial
aircraft materiel personnel are the buyars of all airframe equipment
(commercial and cerivative peculiar) on all derivative programc. The
more pertinent points of this composite reply are discussed in the
subsequent paragraphs. The complete reply is in Appendix G.

The cost of a purchased part for a derivative aircraft program is more
than a similar part purchased for commercial programs, based on exper-
ience with derivative programs. The differences that cause the increased
cost are:

(a) Small quantity buys, with greater Qualification Testing,
Quality Control Inspection (contractor and government) and
Production Verification Testing Requirements, spread over
longer delivery periods, causing problems of shop load, high
cash flow at start, and slow return of investment,

(b) A greater risk of cancellation.

(c) Lower replenishment spares potential and at very reduced
pricing when compared to commercial programs.

(d) Increased cost of administration; i.e., government audits,
reports, inspection, etc.

(e) Reliability (e.g., "Hi-Rel") Parts Control Program.
(f) Higher Supplier Internal Costs result from:

1. Delays caused in waiting for Government Source Inspection
{GSI) to arrive and clear shipments.

2. Air Force reviews of capabilities.
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Additional paperwork required in preparation of cost data,
Form DD633 Cost Breakdown, etc., in accordance with
“Truth in Negotiations® {Public Law 87-653).

{g) Special finish standards, sealants, corresion protections,
instrument lightiag (different than commercial) and other
requirements peculiar to military practice.

The application »f government specifications to minor components that
are normally purchased as a standard item in commercial work is a fre-
quent cause of higher costs. Aircraft parts are not the only ones
invoived. From the CODSIA (Council of Defense and Space Industry
Associations) study, “Costs Unique to Government Centracting,” comes an
example of the disproportionally high costs resulting from Such special
specifications and the purchase of small quantities {Table 7).

TABLE 7. COMPONEKT COST COMPARISONS

Standard pipe fittings
Coiamercial Government
fot Unit Lot Unit
Size Qiy  Price Qy  Price
90° Elbow
3 Inch 200 . 6 50.73
4 200 §.72 8 7982
6 200 1446 26 166.20
8 3 2641 1 186.82
10 25 4876 1 22634
Tees
2% 1§ 435 1 6494
3 10 585 18 20.16
4 Inch 20 8.20 1 6548

43

Ao e o

Nt e i

ik

I

I

i

§
£
3
4
%
=




i

MHh i Alll \t

I

‘A

IR

il
ar Ve

Suppliers ore often are rei:ctant to bid cn parts for military prograss
because these prograss:

{a} May “tie up” engineering talent on a szall veluse of business.
They wish o use sg.” personnel in areas of greater return.

(&} May “itiz up” e@:;ae"t 39 2 s=all quantily =ilitary when i
is needzd for the ==nuf ne of sizilar comercial ;;ar‘..s.

{c} Hay hare to compete with the supplier now preducing 2 similar
part. :3=211 gquantity releases again.)

{d} May have to 264 the staff to hangle the aditional paperwork
reguired by sovernment procure=ents, i_e., added testing,
reporiing reguiresents, governsent audits in 21} aresag,
deistian of 355 per ASPR X4, etc.

{e} May have ts cbtain the financial reserves to cover the
additiongl iize tzken for goverment tc !ati,- purchasing
decisions,

{f} Ray 5= terminated fro= the precureaent because of factors
sutside the cusiomer’s control.

{g} May sub=it §5§ proposals which never iead fo orders {exercise

on BFPts, E(P's, erc ],

iy
w
lﬂ,”

L

My encounter schedsie slides caused by the uncertain funding
by {ongress.

Wy
(Xl
LTl

May have o change internii Dysiness systess o accommsiate
the reguiations, fs{e&:es. Terss ard Conditions, €tC .
which they =ust ~flow-dowm™ tc their lower tier suppiiers

an experience o gerivative programs illystrates this probles. The

¥

requirezent ¢t onf derivetive progra= for an ite= of AL fould be
‘33%‘? fi-the-shelf commercial ground suppori equipment.
This equipment had been purchased comcercially off-the-shelf for the

-27 derivative aircrafi. However, the new F-rgs‘;ise crder included
the prize =ilitary coniract Tlow-down. When it arrived ai the =2
facturer, Be refysed iz accept it. The reasan given was becasse the
grider for this off-ineshelf itex was accoopanied by 2 list of specifi-
cations of whicn Be did not kave copies ror the availad taff 2=

%uu

interpre? and cosply with

mpnts . A coopromise was rezched, and a2 prize {té&;?‘é’t’“‘
ratch the hardware and documestation with the requirssents,

}?§
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E. TESTING #

Testing includes shop, ground and flight testing which occurs during

the design and production of an aircraft. The effort in this phase of
Task 1I includes identifying differences in test and evaluation practices
and a gross evaluation of both component testing and flight testing.

The practices evaluated are decision-making processes, manloading,
number of test hours or time required, phasing into the program {lead
time), extensiveness of test plans or specifications, average number of
pages for documenting test results, and policy for design changes as a
result of tests conducted.

iirworthiness is established in a similar manner for both programs.
The greatest difference in test programs is the military requirement
for formal demonstrations of reliability, maintainability and logistic
support. In lieu of formal demonstrations, commercial programs obtain
this information from early in-service operations. Other smaller
differences result from more stringent military requirements arising
from the anticipated more severe military usage. These include
acditional structural testing and climatic testing. The added
complexity of the rilitary mission equipment requires more testing for
the additional avionic and other special sub-systems.

Another difference noted is that the military requires interim approval
of test procedures and plans, as well as final approval of test results,
while commercial programs require approval of final results only.
(Figure 18 shows a typical commercial test requirement form - one page.)

1. Flight Testing

The Air Force Flight Testing Program is organized and managed in accord-
ance with AFR 80-14 or 80-36, depending on whether it is a purely
military or commercial derivative, It is conducted to satisfy the
requirements of the military specifications for air vehicle, its sub-
systems and the ground support systems which are reflected in the
aircraft design specifications.

Tre commercial program must satisfy the requirements of FAR-25, Air-
worthiness Standards: Transport Category Airplanes. These requirements
are primarily intended to establish that the aircraft is safe. The

i st program also must demonstrate to the customer(s) the guarantees

for cruise performance, fuel consumption, etc.
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747 TEST REQUIREMENTS

TEST PLIN NO VY1407

APPLICAELE 747
<00 O -ze00 O -200c O 200e B

1srosamoott O om0

TEST TITLE

TEST TYPE

Body Proof Pressurs Test W g Aarci i APFRT D
TEST REQUIREMENT | CHECK ONE ONLY REF, NUMBER
TECH DISCIMINE: _Strucsurey ; * OESIGN DEvELOPMENT O « QUST SFEC
WAERQ, STRUCT, PROP, E1C.) ‘ ¢ DESIGIS VEUFICATION m] } { FAR No 2¢. =
. . .COMTFICATON . ® 1 }° - P21 A
RESPONSINLE ENGR Jom2od/L. Cratg ] + PRODUCT IMPROVEMENT 1] * OTHER [
SENIOR “!,P}QJEC! ENGE . ) .-P?‘ GINEE.R-!ECHN LOGY £WA No,
?»43— e St Vo o [ 7@%2@ i-n
Approkdd: J "%, Hov e /| KcSseed: ! Datd: Cate Raq'd Rel’d
TEST PRIORITY ( 3¢8 PROIECT MEMO 9.1)
MANDATORY & crmicat O IMPORTANT ) OESIREANLE )

TECHNICAL TEST OBJECTIVE
1. To satisfy the FAR requirezent for substentiating load tests.
2. To verify internal structural losd distribution,

3. gg gﬁaggmggigg % §§: structural capability beyond shop pressure tect requirecents

YEST DESCRIPTION (INCLUDE DATA REQM'TS)
3.

Pressurize the airplane S0 4.0 psig.

2, Terard rorain gage and deflection datz et Incremensts) lesdiszz of i,
Bead photostress data at iacreceatal unloading of 1.

3

UNIQUE TEST VEHICLE/FACILITY,EQUIPMENT CONFIG REQM'TS (INSTR, A,# ¢, TEST NIG, £1C.)
Wr-200

TEST SCHEDULE
o TEST CONDUCT #ERIOD
* TEST RESULTS REQ'D/SCHEDULE CONSTRAINT DATES

_8/3/n wra 8/1z/n (3 ahnttts)

Prior to first Z1ight 32 frefghter

o DATA SUBMITTAL DATE (FAA Cui « REPORT, DCC. Ne. . ETC

ESTIMATED BUDGET REQUIREMENTS.  vor 1,500 e
/"DZ-;c trn /D0 - W0 3,000 e

o MmavERALS 16,500

‘ﬁd: Cute:

SOEING l “0. 563050241 Y
Seatlon 3.7 | ™et 3,74

Figure 18. Typical Commercial Test Plan
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The military Category I flight test program accomplishes essentially the
same testv objectives of flying qualities, performance, and system
qualific.tions as the contractor evaluations in the commercial program.
The FAA demonstration is similar to the Category II performance and
systems testing. Additionally, the military program introduces into
Category II, testing for system integration and accelerated service
testing. Category III has no formal equivalent on a commercial program.

Comparison studies have been made of flight test orograms for commercial
and military versions of the 737 and 747 aircraft. The studies indicated
approximately 25 additional flight hours would be needed during Category
I1 to make an FAA-certified aircraft comply with the military specifica-
tions. (The T-43A program was required to comply with the additional
requirements while on the E-4A they were waived.) Summaries from the
studies are contained in Appendices H and J. Comparisons of equivalent
testing and total pre-operational flight programs are shown in Tables

8 and 9. The major differences are in reliability, maintainability,
accelerated service testing and training. Since these are Category II
and III requirements and performed by the customer, quantifiable cost
data is not available.

TABLE 8. FLIGHT TEST PROGRAM COMPARISON - FLIGHT HOURS

Commercial Military
ftem . .

Bactoomant | demen, | Catt | con

Preliminary svalustion 39 30
Parformance 89 100 85 10
Stability & control 95 54 105 85
Engine & fusl 20 26 b 30
Systams 105 78 125 105

Structurss 55 75
Acoustics 8 1 10 13

Functions! and reliability 150
? e System integration and

maintainability 190
& Accelerated sorvice testing 780

Non-test flying 120 70
Totat -;2; :;; ;;5— :&:
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TABLE 9. PRE-OPERATIONAL FLIGHT PROGRAM - FLIGHT HOURS

g

W o o
Rl l
i H A

Commercial Military
Flight test an 1920
Contractor crew training 900
Customer craw training 802 1885 (Cat. 111)
and route proving
Tota! 2631 3805

During a special cost reduction effort on the E-3A program,

the flight test activities were reviewed for potential savings. The
review was made by assuming the program would be completed using the
same procedure as is employed on commercial programs when a new model of
the same type is tested. This procedure utilizes all available past
experience and like design test pcints. For example, the Air Vehicle
Testing would not include a complete flight loads survey. Only a few
points would be checked to assure that the new model is the same. If
ap : these points did not track, then the test would be expanded as necessary.
4B : The same would be true in other areas where little or no design change
i ‘ has been made, e.g., the landing gear, wing, etc. “ther cost savings
would be achieved by not reducing recorded data unle.s a problem arises.
Although data is recorded on commercial test flights from engine start
to engine shutdown, it is only reduced when required to observe trends
or to investigate potential problems.

4 The Mission Avionics testing could be reduced by accepting previous
a test results where no changes had been made in the sub-system or by
= merely testing the changed or modified parts within the sub-system
(both standard commercial practice). The Environmental Suitability
flight testing could also be reduced by accepting data availability
from previous tests or by combining it with other tests.

Ha A ra,

Reduction in program length could also result from the modification of
the military regulation requiring 24-hour crew rest between test flights.
(Commercial flight crews follow normal working day requirenments.)
Another reduction could come from not restricting contractor crew
members to just one derivative model. The contractor's test pilots and

k crews are qualified to fly all currently produced models and do so;

25 i.e., the 747 one day, the 727 the next, and so on.

i,




A Value Engineering Change Proposai (VECP), was submitted to reduce
the flight test program by 603 flight hours and 25 months. See

Figure 19.
m CONTRACTED
BASELINE
- R ”_;,;..:53" POTENTIAL
ARVEHICLE il 2o J i {DESIGN-TO-COST)
b
“uy
mssxolés . o el 1
AVION! : e
TESTING ] POTENTIAL SAVING:
i o 603 FLIGHT HOURS
OPERATIONAL ST 25 MONTHS
EFFECTIVENESS
& SUITABILITY
{250)
 SRREEICE I |
ENVIRONMENTAL S
SUITASILITY
%8} ¥
A i 1. i !
\ 0 2 4 6 8 ,
FLIGHT HOURS X 100 ’

Figure 19. Flight Test Program

The VECP was not appruved for the following reasons:

a. Flight Hours - The main difference in flight hours is that
military requirements are aimed for the worst known case
while commercial requirements are aimed at margin over
anticipated use and take advantage of other data.

b. CTalendar Time - One reason for extended calendar time rests
vith the 24-hour crew rest requirement. For example, if the
crew members complete a test at 1600 hours, they cannot fly
until 1600 next day. If the next test is a daylight test,-it
is scheduled for the next daylight period, another wait of
16 hours. Testing new military aircraft, where everything is
new and different, is a different experience. All
faculties of the personnel need to be at high perfor . .e due
to high risk factor. But on derivative aircraft, whece con-
tractor pilots are very familiar with the basic aircraft, the
risk is less. Consequently, the crew rest time can be decreased.
MAC uses 15 hours crew rest without jeopardizing safety. The
rationale for the 24-hour rest time should be reviewed for
derivative aircraft.

iy
i
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The cost of a flight test program for a military derivative of a com-
mercial aircraft is increased by application of the requirement to
comply with Air Force Regulation (AFR) §5-22, CONTRACTOR'S FLIGHT
OPERATIONS. This regulation requires contractors, who opera%e aircraft
"for which the government assumes contractual liability for loss or
damage," prepare and follow procedures which comply with its require-
ments and which are approved by the Government Flight Representative.
The application of this regulation could be tailored toward commercial
practice for derivative aircraft.

Areas which need tailoring are:

a. Form 24 Approval by USAF - This personnel flight clearance
form requires SPO approval for all USAF personnel, Contractor
approval for his test personnel, and AFPRO approval of the
completed form. Approximately three-fourths of ali forms are
changed after initial approval (generally for a change in
personnel) and then require additional coordination. Compli-
ance with this requirement expends six to eight manhours
(engineering/engineering supervision) for each scheduled flight
on one derivative program. On a commercial flight test program
the requirement for flight clearances is checked by the
responsibie test engineer. Much lost time could be saved by
delegating this approval authority to military personnel on
duty or to the responsible contractor test personnel.

b. Flight Physicals - The flight physical examination requirements
are basically the same, but the regulation does not allow
personnel who are required to fly only on occasional flights to
do so without a flight physical, a standard commercial practice.
This increases the number of physicals required by 30 to 40
per cent, This requirement is often waived for VIPs.

c. Physiological Training - The regulation requires that all
personnel obtaining a flight clearance have physiological
training including the altitude chamber test, even on a
derivative aircraft. A typical example of this requirement
was the T-43A Navigator Trainer, where the Structure and the
pressurization system are identical to the commercial 737
aircraft. The same situation is essentially true on the E-4A,
E-3A and Peace Station (707 derivative for IRAN). This re-
quirement is also waived for VIPs,

d. Flight Clothing - This requirement states that all test crew
members must wear Nomex flight suits, gloves, and boots. The
Nomex flight suits and gloves are in case of an inflight fire.
The boots are in case of bail out. None of the current military
derivative aircraft is equipped with bail out systems or with
parachutes, This requirement is waived for VIPs.

it ol
‘H"\ ‘ll“l i f|,||tl‘

The savings that could be realized by tailoring this regulation are
shown in Section V.
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3. Ground Testing

Another specific example of differences in testing between military and
commercial aircraft programs ic in the flight deck instruments 1ighting.
A VECP was submitted to use commercial standards in lieu of MIL-L-27160B,
"Lighting, Instrument, Integral, White, General Specification For."

To perform the test per MIL-L-27160B, special equipment is required to
record data not visible to the naked eye. (Commercial tests do not

have this requirement.) A comparison of the differences is shown in
Table 10. The portion of the VECP covering the E-3A flight engineer's
panel instruments was approved, saving $157,312.

TABLE 10. TEST COMPLIANCE - INSTRUMENT LIGHTING

Each instrument Mil-L-27160B  Commercial
Lab. technician test time 10 Manhours 5 Manhours
Computer program and report 10 Manhours 6 Manhours
Computer time 2 Minutes 0 Minutes
Rejections (and retest) 5 1

In summary, some flight test costs on derivative aircraft can be reduced
by carefully tailoring the test requirements to make maximum use of
existing commercial practices and data.

F. OPERATIONS AND SUPPGRT

Operations and Support includes ma‘ntenance and operations, contractor
support, supply, manuals and training. Maintenance and Operations
includes off-equipment repair, on-equipment repair, new item inventory
management, operations personnel, maintenance personnel and fuel. The
effort in this phase of Task II consisted of identifying significant
differences in the operations and support practices for fielded precgrams.
Major differences were evaluated in areas such as maintenance concept
employed, support equipment and facilities, spares provisioning points.
technical data/handbooks, and extent and level of training required.

1. Operational Support Requirements

Only infrequently do contractors provide the airlines with something
approaching an "Operational System," as the Air Force uses the term.

The airline contracts usually specify an aircraft with specific perform-
ance requirements. The other elements of an aircraft system, ‘'such as
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facilities, ground equipment and personnel are generally defined by

the contractors but ar2 procured separately by the airlines and the
airport authorities. Many of the military system engineering techniques
intended for application to support functions are consequently performed
by the commercial customer rather than by the airplane manufacturer.
When the contractor analyzes system requirements for a military aircraft
system, it is the mission systems and ground functions, particularly,
which require system engineering techniques, such as, cargo loading,
weapon loading, fueling, engine removals, etc. These techniques depend
upon compatibility of aircraft with ground equipment, procedures and
personnel,

2. Maintenance

The airlines continually review the need for maintenance without jeopard-
izing safety. New advanced techniques and procedures are constantly
being developed. The airlines have shared these new techniques with

the military. Although the benefits to date could be larger, they may

be limited because of the military operation of many types of complex
aircraft; the constantly changing, somewhat less experienced labor force;
and the Tow utilization geared to provide weapons systems for deployment.

A review of many Air Force maintenance programs shows that over 30% of
the logistics support costs are in scheduled maintenance - inspection.
(Figure 20 is typical.) Over one-third of that labor is expended on

Scheduled Maintenance
Statistics P
4@—““'7";;" ‘n::‘ 'Y e
” Ll ::‘ é “‘“::t y '::::i
':“. - "‘:, : .:::Il* ‘0 “‘: ’
\“‘ = - ‘.‘.,‘1 g‘ |::::‘- " ":"‘ v
‘:;‘ ‘, o™ ., ww? " ) '“:
e ‘J ) . M *
e ::‘.':: w' o ':::; v
uwt e
e » " »
Derivative Program -
e preey
Contractor recommended Air Force requirement
o Preflight o Preflight
¢ Thruflight ¢ Thruflight
o Weekly postflight {e Basic postflight |
o Phased isochronal o Weekly postflight
¢ Iran ¢ Phased isochronal
e Jran

Figure 20. Logistics Support Costs
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basic postflight inspections.
commercial programs, was proposed for the T-43A which did not include

this type of inspection.

A maintenance schedule, typical of

The customer requirement included it. A

comparison on the scheduled maintenance for the proposed and actual for
the T-43A derivative aircraft and the actual on its commercial counter-
part is shown in Figure 21.

. T-43A
Scheduled Maintenance Labor — 737
INSPECTION DOWN MH/FH
TYPE INTERVAL | TImME PROPOSED ACTUAL
£ AILY 1.62 08
mo‘&"mn.v . _QDAILY ’Lf T 1.60
POSTELIGHT | EA. FLT 1 - 0.80
A ~65 FH 3 020
WEEKLY 7 DAYS 2 078 0.78
B “250 FH =g ~0.18
0.90 '
JSIE%§BKHN£U' 1000 FH 'ﬁit“ 5%32&;
IRAN °** F 240 054 054
") “%‘m—z.ooo A 168 054
TOTAL 364 4.10 = +12%
—307

¢ INCLUDES ALL LINE MAINTENANCE ALSO KNOWN AS TERMINAL,
OVERNIGHT, PREFLIGHT, ENROUTE, ETC.

*¢ PERFORMED BY CONTRACTOR
Figure 21. Maintenance Labor - T-43A/737

The current airline maintenance planning technique, defined in the
"Airline Manufacturer Maintenance Program Planning Document, MSG-2,*
was developed by representatives of various airlines and includes
decision logic and interairline/manufacturer procedures for developing
a maintenance program for new aircraft. The objective of MSG-2 is to
present a means for developinGg a maintenance program by outlining the
general organization and decision processes for determining the
essential scheduled maintenance requirements for new aircraft. Its
approval by the FAA Maintenance Review Board (MRB) is estimated to
provide a 45% reduction in scheduled maintenance labor from its
application to the 747 program, as shown in Figure 22.
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Scheduled Inspections

(Routine Tasks Only)
80,000 78,000
' N
$0.0%0 i : ) ;
i 3
M ) i
50.900 SO S i
MAINTENAXCE SANMOUR SAVINGS . |
LASOR 0% @F’/ SRNHOURSAVIRDS _deesss
CARNMOURS) 3 S D S S
i S . ~ .
20,520 : e iees G
10,000 : éé

[+ 156} 2000 3909 4000 S5¢00 6000 7000 8000  $.000

AIRPLANE FLIGHT HOURS

Figure 2Z. MSG-2 Manhour Savings - 747

MSG-2 has been reviewed by the military logisy. . personnel. High level
officials of DoD have been briefed on its use by the airlines and the
contractors. Ammendment #1 to MIL-M-5906D, "Manual, Technical,
Iaspection and Maintenance . . .,” which changes the inspection planning
section and incorporates MSG-2 in the Appendix, is currently in review.
AFLC has let a contract to the contracor to apply the philosophy of
MSG-2 to the B-52 inspection program and to determine the savings
available, estimated at 25%. The philosophy of MSG-2 is also being
utilized in E-3A maintenance planning, saving estimated at 28%.

The T-43A logistics support program included one feature which is
resulting in a great savings to the Air Force. Instead of using the
traditional jet engine philosophy of hot section inspection and over-
haul, an engine IRAN type program called Engine Heavy Maintenance (EHM)
was included and accepted °n the Contractior Support Package. The cost
impact of this practice is described in Section V.

Another commercial airline practice recommended and applied to the T-43A
program is called engine derating. This procedure, implemented by
cormercial airlines to reduce failures ard thus save money, allows 2
reductiorn in takeoff thrust on occasions when conditions of weight,
temperature and runway length permit. (The reduction in peak engine
temperature improves engine life.) Approximately 50% of all airline
departures are at reduced thrust. The summary of these benefits is

shown in Section V.
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3. Contractor Support

The advent of derivative aircraft increased the application of contractor
support programs. Contractor Support is basically the performance of
military support functions by commercial companies. The method of
operation is to have the government decide the organic level of support
to be accomplished; then contract the remainder to the prime contractor
for accomplishment. The support can include on-base support functions
and generally includes spare part provisioning. The government also
requires performance guarantees backed by penalties and incentives.

The key item is a single contract with the prime contractor who,in turn,
has existing commercial airline industry support.

Most logistics support contracts have been written for derivative air-
craft because of the availability of airline support and because the
orograms have been non-tactical. The use of such support during the
production phase of a military aircraft has been advocated in the past
and could work as shown in Figure 23. Continuation of support after

A
o). oo soecs.
DEPOT

U. S. AIR FORCE
OR DOU AGENCIES

——1PRODUCTION /
f = ¥ _~ PHASE OUT

N BOEING
= CONTRACTOR SUPPORT PERIOD l .
= ;. 1o¢ PRODUCTION
1t LEAD TIME .
E AV \YJ

; 1 PRODUCTION PHASE i

= Figure 23. Contractor Support - Military Aircraft
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the end of production would offer the benefits of having (1) a production
capability in case of emergency, (2) lower non-recurring costs for
producing additional aircraft if needed, (3) wartime support capability
avaiiable almost immediately, and (4) a transfer of activity from the

DoD payroll, which now takes more cnan 60% of the budget due to salaries
and retirement benefits, to the private sector of the economy. The
logistics savings estimate is approximately 40% although a detailed study
has not been conducted to verify this estimate.

The savings from contractor support on derivative programs result from
fewer spares (including insurance items), use of commercial publications,
fewer maintenance personnel, less AGE, quicker part overhaul, fewer
inspections and use of airline work force capability.

The greatest potential for cost-saving in contractor logistics support
is the provision of spares by the contractor during the early years of

a program. Statistics from previous contractor and Air Force studies
show that about 50% of initial spares become obsolete or are never used.
Besides the obsolescence factor of parts, at least 50% of initial Federal
Stock Numbers (FSN) expense could also be avoided. The supply system
savings of contractor support also result fiom higher volume of the
commercial system and from a shorter pipéline. Two studieés were mace on
this supply cost saving: on the potential use of the 747 as a tanker
and on the Utility Tactical Transport Aircraft System (UTTAS) helicopter.
Both studies indicated a 40% saving (See Section V).

Technical publications afford cost savings of an estimated 78% since use
of commercial manuals permits the government to become one of many
customers instead of a unique one.

The maintenance labor cost is reduced 28% because the greater number of
personnel required under the military system more than offsets the higher
cost of civilian aircraft maintenance skills.

The elimination of Aerospace Ground Equipment (AGE) from the shops and
from the depot results in approximately 80% savings in AGE equipment
and support costs.

The contractor has gained experience in the operation of the support
elements of military bases and now has data which points to a potential
50% reduction in personnel costs by the utilization of Contractor
Support. The yearly cost of the average skill level within a support
group now favors the concept of contractor support. A manning comparison z
is made for a transportation squadron. The reduction results from the
deletion of military duties (20%) and the work improvement (23%-30%)
benefits resulting from less paid training, multiskill capability,
pers?nne1 longevity and profit motivation, The cost impact is shown in
Section V.
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The application of the contractor support concept to an individual
aircraft program must be made at the program inception. The many
variables of the concept must be evaluatea, reviewed and applied in
accordance with the program mission, availability of both organic and
contractor support, budgetary considerations and socio-political
pressures. What works well on one program may not on the next.
Experience to date has provided sufficient evidence that the application
of contractor support to derivative orograms is cost-effective. It is,
however, an evolving practice and application to each program must be
considered relative to program uniqueness and goals.

4. Supply

Comparisons of basic differences between Air Force and commercial
spares provisioning concepts have been made from time to time at the
request of both military and commercial customers. Both customers are
seeking a better way to solve a tough problem - how to get the most for
the investment. Ilentification of “differences” is not intended to
imply that all commercial practices are preferred nor that they could

logically be applied to every Air Fori2 orogram. It is considered highly

desirable, however, that each new program be matched with the most
efficient and effective support prcgram by careful selection of tne
organic/industry responsibilities and the related procedures. Table 11
compares the basic differences which are detailed in the following

paragraphs.
TABLE 11. SUPPLY COMPARISON

Commercisl Military
Industry common parts Unique parts
Share facilities and tools Own all facilities and tools
Borrow to solve AOG UC dependent on depat
Repair/overhaul to servicable Overiwul to 20r0 time
On condition parts removal Fixed time parts removal
Short pipeline Longer pipeline
Spere parts general term agreements |  Competitive bidding
Warranties No warranties
Limited stock numbering FSN on all perts
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concept 1S empliojed, but this i=poses a significant investsent in spare
sodules. By increasing the fleet size to be supporied through agreements
a=cng the operators, the fixed costs and sany of the invest=ents not
affected procorticnately by the ni=ber of end itess being Supported can
be =ffectively spread across a larger base, thus reducing the cost of
owmership for all concerned.

Cosmercial carriers, aithough cospetitors for routes and passengers,
have histo-ically cooperated with each other when equipzent probless
exist. Critical parts appropriately marked wiil be given priority on
al=ost any z2irline in the worid tc alisviate any cther operator’s
ADS {Rirplane Or Sround - sa=e as RORS-Gj. Borrowing fro= stocks of
different operators at a common station is common practice. The basi
for this cooperation appezars tg be the bLilateral respect and trust that
exists asong the commerciz] cerriers. Zach has assurance that, shosid

si
the role of recipient and supplier be reversed, the results wouid

the eguivalent support fro= Rir Force supplies.

Other differences between Air Force and induStry Supoort concepts
the degree to which overhaul/rep2ir is performed. Generaiiy speak
the Air Force attespts to “zerg ti=ze™ its cosponents reilummed %0 an A

) Logistics Center {AiC} for overhayi. Sowe years ago the comercial
operators departed fro= this procedure and now, generally, perfors
repair/overhaul to the extent necessary 10 return the ite= %6 a

: *serviceable®™ condition. Variouys airiine studies havs revealed that

coeplete overhaul often degrades reiiadiiity and =ay incyr expencitures

greatly in excess of the cost reguired to sieply repair as necessary to
=eet service regquirezents. This change in concept occurred at about
the sare time that tha airlires [and in gpverrsent, 0 a lesser extent;

| |!WMMMMMMMMWJI I
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in-hoys nyesizeant in ftosis, fest
rhaul co3p er, wiil vary widely
rators. In the eserzior’s fiest, the
wiil b2 to rhazl and repair. ¥ith
Jet aircra rs ha hoam an increased
1 are i rouG reezents with
each r specific aircraft sysis=s
in be oner with c=3i}
fieat : ; o
of ries
of iz
The t as ruction and egquipsing an engine test cell
cznnot easily be } 2ss 2 iarge nusher of engines are expectsd
tc be processed ih acility. Sizilarly, the cost of 2 spare
engine is s5 great exzent power plants =ust be =inimized,
which in turn, for repair and return o service of failed units.
In order ¢ accosplish this rapid turmargund, the “sodular maintenance™
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all but abandoned the programmed removal of components based on installed
flying hours. It was established that monitoring the performance of
these items in order to detect potential/incurred failures improved
reliability and simultaneously decreased costs by minimizing overhaul/
repair costs and the failures attributed to "infant mortality," rein-
troduced at each repair cycle.

Involvement of the prime aircraft manufacturer and responsible major
suppliers is also encouraged by the commercial operators. To this end,
commercial airlines may pay higher unit prices for selected spare parts
than would the military for an identical item. The commercial price
recognizes the supplier's expense and economic exposure in providing

for a stock of parts at his facility in order to fulfill customer orders
with a minimum of reorder lead time. Tnis supplier capability obviously
reduces the depth (and sometimes range) of parts requiring airline
investment and makes maximum use of the "pooi store" concept for the
support of ali operators. The collective costs for each airline to
provide for its own individual parts support equivalent to that gained
through the supplier pool(s) would be prohibitive in view of the com-
paratively small increase in operating costs which allows the pool
store(s) to exist.

et i
DT

Commercial support programs often are defined by a "Spare Parts General
Terms Agreement (GTA)" which sets forth the procedures and exclusive
terms and conditions governing the supply by the prime manufacture and
procurement by the airline of all spare parts procured through the prime
contractor. As oppos:d to the government AFAD's, the GTA imposes
obligations on the Buyer as well as the Seller. It addresses such items
as agreements to manufacture and sell; agreements to purchase; pricing;
leasing arrangements; ordering procedures; title and risk of Toss;
inspection and acceptance; warranties and re-purchase agreements.
Provisioning data to be submitted is basically at the contractor's
discretion, although Air Transport Association Speciiication #100,
"Specification for Manufacturer's Technical Data," establishes a standard
for presentation of supporting data such as Illustrated Parts Catalogues,
Maintenance Manuals and Illustrated Tool and Equipment Manuals. Lacking
in the commercial environment is the preparation and continued revision
of a multitude of provisioning data elements which significantly com-
plicate Air Force procurement programs. AFAD-688 and its related Data
Item Descriptions have, in some instances, involved submitting provision-
ing data in great detail, supported by complete drawing coverage of each
jtem of an assembly, even though procurement of the parts or spares was
neither recommended nor accomplished. Repeated submittals are generated
as a result of continuing design change action. During the early 1950's,
MCP 71-673 provided for Resident Provisioning Team (RPT) activities in
behalf of the Government within the contractor's facility. This was

more nearly akin to the commercial practices of providins a small group
of highly qualified provisioning specialists to make decisions and commit-
ments which result in the support posture desired. Some recent programs
appear to have abandoned the RPT in favor of the former practice
involving additional coordination and documentation. The airtines have
not yet economically justified this effort and therefore have not adopted
this military practice.
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Government regulations, which may restrict the Air Logistics Center's
mode of procurement, are not evident in the commercial environment.
Specifically, the need to compete the re-procurement of spares is not

a requirement. Again, the economic value has been weighed by the
airlines, and the costs of competing each procurement of replenishment
spare parts has not been economically justified. Some factors influenc-
ing this assessment are the cost of preparing and transmitting Requests
for Proposal; the cost of review and analysis of bids; the qualification
of unapproved sources; the increase in re-order lead times necessitating
increased stores investments; the voiding of commercial warranties due
to incorporation of bogus parts; procurement of equivalent assemblies
requiring different sets of maintenance/overhaul parts, manuals, test
equipment and training; and other very real costs attendant to this form
of procurement. This does not imply that competition does not exist

for airline business, because it surely does, but the determination of
when to use the longer, more expensive forms of procurement is a
function of the comparative economic advantages rather than procurement
regulations.

The commercial programs do not usually require or assign identification
numbers equivalent to “he Federal Stock Number (FSN). Some operators

do assign their own pai* number in order to simplify computer programming
and to standardize their inventory management procedures, but an analysis
of the item as accomplished by a Federal Standard 5 wculd only be
entertained in the event the operator determined that generation of his
own "standard" would serve a useful purpose. It is believed that this
could be a consideration only on items with a high probability of
commonality to other aircraft in his fleet and would not be accomplished
on basic airframe components peculiar to a given prime contractor's
specific aircraft model.

5. Manuals

Many differences and factors were cited by Logistics managers relative
to cost difference between contractor commercial and contractor military
technical manual programs. However, most of the military controls
stipulated in military specifications have been proven necessary, due

to the many contractors who may have less experienced technical manual
personnel and who are required to supply technical manuals to DoD. This
is another example where tailoring the requirements of the government

to the program and to the contractor can result in cost savings.

The military manual requirements reflect the military desire to achieve
an integrated system. Operations/Maintenance analyses, engineering
solutions, equipment (AGE) solutions, ECP proposals, and other AF
procurement, which are reflected in TOs, require much effort. Also

the system is iterative, which requires tracking changes to maintain
configuration.




Commercial maintenance manual (MM) costs are lower due mostly to savings
in the quality assurance area.

Table

12 shows which military TO
quality assurance requirements (flagged and underlined) are over and

TABLE 12. MILITARY TECHNICAL MANUAL QUALITY ASSURANCE

“Baseline”
criteria

in-house
controls

Reviews

Validation/
verification

e Contract AFADS/1423s ¢ Tech manual |e In-house > 70 00.-5-1
o Mil specs/stds development | Engineering [+ Tn-houss
« AF re.gs/exhibits QA manual and QA Production line
¢ Planning docts checklists Management Engineering
Program plan Management | * Air Force i Validation
Tech manual outlines « Configuration £>Pubs plan « Air Force
control DI0outlines 1> varification site
» Configuration Engr. drawing/ [D>80% and 80%  (Air Force base]
documants to configuration| in-process  |I> Test programs (I0T&E)
refationship (>PDR/CDR {OT&E)
ECPs D>Pre-pub Deployments
FAC/PCA AFTO Form 22's

D Not commaercial ATA100 requirements.

above conmercial ATA-10C MM requirements and cause higher costs. Thus,
the commercial manpower level-of-effort per page i considerably less
than a comparable new military TO page. On the T-43A program the use

of commercial format in the maintenance manuals saved approximately
$70,000 (6€%). ATA commercial MM's maintain accuracy by the mechanized
assignment (configuration) and product controls which do basically the
same job with less data and effort. ATA-100 does not specify detailed

QA "proofing" requirements as does the AF Technical Order Systems Quality
Assurance T0, 00-5-1 (AFSC Form 11's, AFTO Form 158's, In-Process
Reviews, V/V Plans, etc.). The verification part of TO 00-5-1 can be

a problem. On one derivative program, maintenance procedure verifica-
tion ties up the aircraft with shop support for six days.




The premise that commercial aircraft MM's can be equated with military
organizational maintenance manuals on a page-per-page cost basis is

true for those manuals prepared in accordance with MIL-M-25098, Handbooks
Organizational (Flight Line) Maintenance Instructions (Aircraft). This
specification, similar in content to the ATA-100 MM specification, has
been dropped from the latest USAF MMOMP Spec List Exhibit, and its
successor, MIL-M-38800, Organization Maintenance (for Aircraft), cannot
be equated with the current ATA-100 Specification because of a completely
revised format and content. If manuals for derivative aircraft were

to be required in military specification format and content, compliance
with MIL-M-38800 would require a complete new writing. If MIL-M-25098
were still in effect, the commercial manuals would require much less
effort to convert. The difference between commercial and MIL-M-38800 manuals
is approximately eight times the size and four to five times the cost.
This is because MIL-M-38800 requires much greater detail for use by
3-level technicians. .

Microfilm is used extensively in the commercial industry. Benefits
include decreased manpower for revisions, better accuracy in incorporating
the revisions, and minimal space requirements. Many studies have been
made by and for the government concerning the use of microfilm,

Improved reader/printers on the flightline could make military micro-

film usage in the field more practical.

The biggest potential for savings in technical manual development in a
large weapon system program lies in the Integrated Data Concept. Three
pages from the contractor-prepared Exhibit 437A-72-000/A for the Bare
Base System 437A explain this concept and are included in Appendix K.
One USAF program (F-15) is employing this concept but its experience
data is not available. Excessive duplication of operation and mainte-
nance information development is being avoided.

6. Training

In general, training of airline maintenance personnel is accomplished
in much the same fashion as on military programs. Both customers send
their best and most experienced people for familiarization and systems-
oriented maintenance training at the contractor's facility. Once
trained, these personnel return to their organizations to train other
maintenance personnel. Normally, this training is formal classroom
type training, either at the home base or at a training facility.
However, since new commercial aircraft tend to represent smaller state-
of-the-art advances, the aircraft sub-systems and their maintenance
tend to be similar to that accomplished in the past. This fact,
coupled with higher airiine retention of skilled personnel, permits
commercial maintenance training to be less formal than for comparable
military programs.
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Commercial airlines are able to accomplish all maintenance training

using three or four basic courses, whereas the Air Force may have to

use 10 or 12 courses for the same areas. This results, primarily, from
the difference in the personnel classification systems. Each classifica-
tion requires a different course. Total content of both military and
comnercial courses is the same. The adaptation of existing training

data has been in evidence in some derivative programs but absent in
others. The use of courses in the commercial f>rmat, but arranged into
the appropriate military skills, reduced training costs on the T-43A
program without degrading the quality of the training.

P I T R PR Y

e

The principal difference between military and commercial training

methods for flight crew members is the philosophy of teaching employed.
The military tends to continue with the concept that each crew member
requires detailed system information whereas commercial uvperators train
on the "need to know" basis. The new policy in the military incorporates
this philcsophy although no programs are known to be using it at this
time.

Jowge St 6 e N r BTGNS T RSO

The cost of training pilots is regarded as a non-productive item in the
airlines' budgets. Consequently, everything possible is done to reduce
flight training costs but still maintain pilot proficiency. Table 13
shows a comparison of current airline practice with that utilized by

TABLE 13. TRANSITION TRAINING - TRANSPORTS
EXPERIENCED PILOT TO NEW AIRCKAFT TYPE

5 g T ATRROTR 0388 13

MAC AIRLINE
GROUND 160 HOURS 120 HOuRrs (1
{1 MONTH)
SIMULATOR 20 HOURS 17-20 HOURS
FLYING
LOCAL 40 HouRrs (2 0.5-2.0(3)
ROUTE 2-204) 5-10(5)

(1) Can be reduced by simulators, procedures trainers, audio/visual devices,
(2) Consists of 20 in left seat plus 20 as observer.

(3) Time is determined by what it takes pilot to make normal take-cff and landing,
engine-out take-off and landing and a missed approach.

(4) Consists of local check ride plus ACM duty on normal productive flight.
Consists of two productive flights with IP in other seat.




Wi Tl

MAC, both assuming that qualified jet pilots are being checked out as
co-pilots (third officers) in new equipment. Since training flights
use fuel and parts non-productively and since accidents do occur during
this phase of operation, the actual flight time for airline pilot
upgrading and proficiency is reduced as much as possible.

In current conventional military flight training programs, presenta-
tions in the ground training school are oriented toward airplane systems
such as flight control, navigation and fuel, and instructions are given
in extreme detail. Although this method is considered to have merit

in terms of manual backup training for degraded system operations, it
imposes on the aircrew an unnecessary major transition from systems
knowledge to procedural actions as they progress toward simulator and
flight training. Tc overcome this shortcoming, a program was initiated
to study the feasibility of training entirely by procedural blocks

and providing, as required, some systems information as to "why's"

for each procedural step. This effort resulted in elimination of
irrelevant information, the improvement of training continuity and the
standardization of performance evaluation or terminal behavior of the
trainee. This method is called Specific Behavioral Objectives (SBO).

The SBO are a complete and detailed listing of the terminal behaviors
required for each member of the flight crew to accomplish all normal,
non-normal and emergency operational procedures and of the criteria
required for evaluation of performance.

Military aircrew training could emphasize use of cockpit procedure
trainers and simulators to reduce flight hours and thus lower training
costs. The contractor training of about 25 percent of the airline
crews for the 747 aircraft tends to preclude tie-up of initial aircraft
deliveries for pilot training, as is the normal practice for military
aircraft. For example, typical planning for large military transport
programs require assignment of six aircraft for aircrew training
exclusively.

7. General

There is a difference in support provided to the military and commercial
customers. Generally speaking, commercial program contractors afford
more product support to the customer than does a military program
contractor, probably because it is part of the prime system procurement
package. For this reason, the comercial customer will generally
expect and receive more assistance.

The outline beginning on page 72 1ists the contractor's mainte-

nance, facilities, equipment, spares, and training activities supporting
a 737 purchase, similar for all commercial airpiane purchases from the
contractor. These activities can be paced by the sequence of the

contract, -production, and delivery events listed in the left-hand columns.

The diary is intended to be general, and content, as well as the chrono-
logical order of activities, may vary to fit the individual tustomer's
needs.
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The activities noted in the following pages take place after the customer
has made a decision. Prior to that time, the contractor makes available
every service to assist in performance evaluations, route analysis,
economic analysis, traffic analysis, and complete fleet planning services,
including consideration of aircraft already in service.

These services are or could be available to, and could be utilized by,
the government if the recommendation to have contractor participation
in the concept definition phase and on the review of RFPs is implemented.
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SECTION 1V :
FEASIBILITY STUDY

Task Iil of this study identifies those candidate commercial practices
believed to be suitable for military use which were described in

Section iIl. In addition, where feasible, the significant differences
and cause factors for =2ach practice are discussed along with the
practicality of applying each commercial practice to military derivative
programs.

The candidate commercial practices are presented for each of the major
program phases discussed in Task I.

A. Candidate practices for the Initial Planning phase

1. Consider contractor assistance in the preparation and reyiew of
RFP's before issue. On a commercial program the RFP equivalent
appears to benefit from constant interface and iteration until
contract signature and go-ahead. This is also true for a military
program up to and including formulation of the formal RFP. Through
coordination with the various commands the RFP may have requirements
added to the work statement, to the boiler plate and to the data
requirements. Some of these requirements could include specifica-
tions, regulations and standards which impact the statement of work
and hence the program cost without commensurate program benefit.
When these requirements would result in impact to the commercial
part of a derivative program, some of the cost may be avoided by
using practices and data already developed for the commercial
hardware. (Examples are provided in Section III and Section V.)

A review of the final RFP before official release by interested
contractors could point out areas where a specification or standard
deletion, deviation or addition could more suitably tailor the
requirements to the program before official release of the RFP.
This review could also give the contractor more foeedom to apply
his unique skill and experience to the proposei elements and may
result in a more responsible proposal and cost-effective product to
meet the government requirement.

2. Establish increased emphasis on planning the progrsm so as to

i achieve the benefit of program stability in funding, schedule,

i and work statement. In general, lower cost of derivative military
program procurement as compared to pure military  procurement is
tied closely to achievement of program stability. It includes
planning for the utilization of established technology, wherever
possible, and planning for sufficient production to achieve learning
curve benefits and to amortize non-recurring costs. Instability

in any one of the three variables of funding, schedule and work

. statement generally results in repianning effort for major elements
. of the program. On a commercial program the technical effort may
not require work statement changes as frequency as on military
programs. However, military programs are uniquely susceptible to
funding and hence program schedule instabiiity. One undesirable
consequence of funding/schedule instability can be the nead to
"open” and re-negotiate supplier contracts in an environment where
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the buyer has substantially less ieverage than when the subcontracts
were initially negotiated. It may not be practical to implement
long ters program funding, but it is a key to program stability,
steady progress and the elimination of the replanning cost driver
which diverts resources away from those needed to obtain direct
program results.

3. Further reduce data submittal volume and optimize data delivery
timing. Commercial practice tends tc minimize the volume of data
needed by the customer and the government for visibility. Further-
more, the required data is carefully time-phased with the particular
program work element phase. Replanning discussed above heavily
impacts the generation and delivery of the data the military customer
needs for visibility. Too much data may be required too early in
the program before the program elements have stabilized. Data
may also be required on the commercial elements of a derivative
program which is significantly different than normally generated.

At one time, when concurrency was part of the DoD procurement
philosophy (Minuteman Program), it was expected that since "time"

was the driving factor and lead time needed to be severely reduced,
the additionai cost for program, hardware and reiated data changes
would be acceptable to the nation. Some of the p’:nning practices
and philosophy of that period may still impact the current philosophy
of lower life cycle cost and require data before a specific program
element has stabilized. On derivative programs careful initial
planning could allow for program element stability and greater use
of the commercially developed data.

B. Candidate Practices For Program #anagement

1. Consider the program involvement of fewer but more highly experienced
people. Efforts to tailor the RFP requirements; ic achieve stabilitly

=i | . in funding, scheduie and work statement; to reduce data volume ang

=38 - timely data submittal to track the completion of the work task,

all these efforts, in aggregaie could permit some reduction in

total program perscnnel. The system prcject office could consider

assigning some key personnel experienced in aircraft engineering

disciplines such as nydraulics, electrical, avionics, and

structures, on-site, to make technical decisions. This paralliels the

commercial practice where the FAA actually Zeicuctes selected on-

3 site contractor personnei within the progiam ts certify that certain

; designs and tests meet FAA requirements and Federal Air Regulztions.

P PPRTI
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Delegate more responsibility to the AFPR, particulariy for ros=tine
ana administrative items. The commercial practice of a small on-
site group to make day-to-day decisions could shorten both the
ccordination time and data required. A summary Status of decisions
made could be comsmunicated to the SPQ rather than by correspondence
and data packages of decisions to be made.
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Limit flowdown of military program management and administration
requirements and specificaticns on derivative programs. The
commercial practice of using well-developed business systems across
a wide range of products results in berefits from improved skill
levels and the learning curve, and the integration of management
reporting loops and record systems. Elements of these practices
may be carried into military derivative programs with their exist-
ing benefit especially during RDTAE and the zcquisiticn phases.
Advance review of the RFP accompanied by careful initial planning
cen identify those military requirements and business system
elements which are met by the existing commercial practices aiready
applied on the commercial elements of a new derivative program.
This could 2ilow avoidance of some of the cost impact of changing
or adding to existing commercial business systems and records to
implement related military requirements.

4, Reduce change flow time. Commercial practices described in 1
through 3 above and implemented to some degree, could help in
reducing change flow time. This might be especially true of a
combination of items 1 and ¢ where a deputy program manager and a
small group of skilled technical personnel located with the AFPR
could quickiy make decisions with 3 minimum of data on a specified
group or ievel of changes.

Commercial practice indicates that significant reduction in change
flow time greatly aids program stability and reduces out-of-sequence
changes and their attendant higher cost.

{. Candidate Practices for Design Engineering

-

L

i

1. Consider shifting to greater use of "output”™ criteria validated by
test rather than "input and control’ -riteria supplemented with
“how to" requirements. The commercial eiements of military deriva-
tive programs tend to be deve?egeé with relatively broad reguirezents
and a minimum of detail requirements. This appears to be primarily

because the commercial customer tends 1o rely more h93v31y cn seller
warranty than on the inclusion f the detail design requirements
znd the control and feedback re ts angd data which provide
the military customer with visit For example, the caﬁéér’é H
ARINC 213 requirement for s*ez juipment specifies voltaee
supplied at terminals. ¥hile alent military requirements ég
: the same, they also may contro er é%éﬁi izar characteristics
: {e_g., line drops), gaciag:rq, mat fisis, arts, processes, testing,
: product assurance criteria and other ?aééf, necessary requiresonts
2 . to control h risk military hardware.
=1- However sd to §33:iary use,
=i carefui r "input." “control”®
= arnd “how data wrere the hard-
= ware and “output” requiresents
for the de
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2. Increase the extent of tailoring of design requirements to the
progra=m needs. In general, government and =iiitary require=ents in

= specifications, standards and regulations éa not appear to be a

= principie source cof unnecessary cost for military srocuresents.

They are isjortant for the achieve=ent cof:

Experience Retention and Disse=ination
Standardization of Hardware fguip=ents Across Prograss

tandardization of Processes for {oomonality of
Maintenance and Repair

T T PO
[t A Y]
-

m

Consolidation of specifications appears to be desirable in those
areas wherein many specifications may exist to deal with part of a
more gene-al subject; such as, the separate standards and specifica-
tions on electro=agnetic cospatibility or in the product assurance
areas of reliability and =aintainability. The Study resources did
= not lend thesselves to 2 detail investigation of these areas.
However, the study of the three derivative prograss a2t the
contractor shows 3 high degree of require=ents specification
=tatloring™ to suit the needs of progra=. This tailoring is often
in the form of deviations incorporated intg the basic contract
andfor in use or non-use of standard specifications. It is the
concensus of guestionnaire regponders thzt i would be practical to
accosplish even sore .a§§§ ring to reduce <osts, especiaily very
early in the prograz=, beg ?nzng with the RFP before prograz go-ahead :
and carrying on with the initial planning phase. The sooner “the
taiioring takes place the znre life cycle cost avcidance is
achieved,

ST

J

d‘l\ el 1."\\‘ L n‘umu |!| iy

wml [l

mll

Tailoring should be critically exa=ined fur all derivative progra=
elezents with the possi ible exception of =ission peculier eguipeent.
Cccasionally, the tailoring =ay appear to be . oasistent byt there
is usually good reasoa for it. For exaple, o2 one derivative
progra=m it was decided tc change the commercial $y§{§£{i€ hydrauiic
fluid, which w2t previcusly selected for its refztzsz.y high
resistance to fire, to Mii-H-550& type fluid. This sace change

was not =3de on other derivative prograss which stiil use the
cemmercial fluid. is dacision was justified on coseonality of
iogistics {DoD-wide supply and 3#352-' cost of =il oil} and =2inte-
nance {potential of conta=ination if comeercial syste= were serviced
with =il ¢il and cost of fiushing aﬁﬂ of changing seals in all
corponents ). and sore thaa offset the following:

.
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Part number change for all hydraulic units impacting many
drawings and specifications

e Special handling procedures and test facilities at both
the contractor and supplier locations

e Increased part cost, since each part became one of a few
instead of one of many from a commercial production line

¢ Increased the risk of mixing seals and sub-system con-
tamination when airline industry support capabi'ity is
used

o Added overhaul data, AGE, training, initial provisioning
of overhaul parts and spares to the military pipeline

This exampie shows how important a specification deletion, or
tailoring, can be to the 1ife cycle cost of a derivative aircraft
sub-system or equipment.

D. Candidate Practices for Manufacturing

! 1. Make maximum use of existing commercial fabrication and assembly,
quality control, purchasing specifications, processes, reco:..
and data, hardware, tools and skilled personnel on derivative
aircraft programs. The implementation of this practice begins
with RFP review and initial planning where the tailoring of mili-
tary requirements reduces the flow down to established contractor
and supplier operations. Avoiding control type "input" and "how
to" changes to established operations, when their output mee’s ;
program requirements, permits continued commercial program stability T
and maximum use of built-in capability without the added costs of
new records and data, and retraining perscnnel. Whe~ changes are
required, a uniform application of these changes across the several
programs of a large contractor would help hold down cnst.

. et e e

2. Strive for stability of manufacturing schedule and production
quantities. Stability of schedule permits orderly procurement
and flow of the program hardware into the end item and to the
customer. Learning curve benefits continue to accrue as production
proceeds. Larger production quantities allow program unit costs
to benefit from the amortization of non-recurring cost.

E. Candidate practices for Testing

1. Integrate and use existing test procedures and data where possible.
When it can be domonstrated that an existing equipment is being
applied in essentially the same environment by mutual agreement
between contractor and Air Force, existing data can be used to
qualify the item by similarity. The Government-Industry Data
Exchange Program (GIDEP) is an excellent source of part/component/
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and material test data to aid this function. Need to know can be
obtained from the Air Force to acquire AFM 66-1 field experience
data on related equipment. This data can be processed to support
reliability and maintainability analysis which may replace or reduce
special R&M testing. Often testirg costs for parts and components
can be reduced by using existing test data on several required
parameters and only testing the devices for the one or two para-
meters on which test data is not available. Test procedures for
components and parts as well as test equipment calibration pro-
cedures are also contained in the GIDEP data banks.

Obtain data needed for demonstration of reliability and maintain-
ability from the basic test program. Sometimes different types of
tests can be combined to reduce cost. For example, some reliability
and maintainability testing might be integrated within the sub-
system acceptance test program at the supplier's facility and the
higher level integration ground and flight test program at the

prime contractor's facility. A few more operating hours may be
required in some cases, but in total, as in commercial practice,
cost can be reduced.

Here again a tailoring and inteqration of the requirements in the
test snecifications, standards and regulations can promote

improved integration in the planning of the overall test program.
This should help in achieving confidence in meeting program require-
ments while holding down Tlife cycle costs impacted by testing.

Candidate Practices for Operations and Support

Expand the application of airline maintenance practice (MSG-2)

to all applicable programs. This technique for determining the
essential scheduled maintenance requirements for new aircraft has
been shown to be practical and effective for derivative programs.
The practice is being incorporated in MIL-M-5306D.

Make increased use of contractor support capability. This support
can include other on-base support functions as well as spare part
provisioning. A key to the implementation could be a single
contract with the aircraft prime contractor who, in turn, draws on
the entire commercial aviation industry for supnert. Eariy
experience on derivative programs indicate the sooner this decision
is made, st RFP formulation or in the initial planning phase, the
more e fective are the trades that permit this practice to reduce
life cycle costs.

Relatively small derivative programs with equipment deployed around
the werld present a unique challenge. Here close working relation-
ships with airline industry support capaiilicy on a reciprocal
arrangement might help reduce life cycle custs in the Operations and
Support ares.
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Make increased use of commercial handbooks, training and spares

provisioning practices. When contractor support is contracted,

this practice can be readily implemented. One of the stated reasons
for rewriting commercial data and programs was to fit the different
backgrounds and skill Tevels of military personnel. Early deriva-
tive experience seems to indicate that this does not appear to be

a major problem.

81




Ll

R

T PTG

SECTION V
IMPACT ANALYSIS

Task V consists of analyzing the available data, relating to the
differences in military and commercial acquisition and support
practices, in terms of cost, flow time and resources, and of evaluating
the impact of commercial practices identified for application to
military programs.

The following paragraphs present the life cycle costs of a typical
program in which the commercial practices, modified commercial/
military (derivative/contractor support) practices and normal military
practices are compared. Calendar flow time comparisons and resources
saving are also presented.

A. Life Cycle Costs

Following the introduction of the contract support concept by the Air
Force in 1967, a number of studies were conducted by the contractor to
determine the potential effect of this concept on several programs
which could involve derivative aircraft. One of the principal studies
involved the Advanced Airborne Command Post (E-4A) and its life cycle
costs.

In the E-4A study, the acquisition costs considered three versions
of the 747 airplane, all in a similar configuration:

1) As it is being produced commercially,
2) As it is produced as a derivative (E-4A), and

3) As it would be produced if the military specifications
were required on the current commercial airplane.

At the time of the study, the acquisition cost of the command, control
and communication (C3) equipment was not available and consequently
was, and is not,included. Since this cost would be the same for all
versions, its omission is not considered to have a detrimental effect
on the analysis of the airplane life cycle costs which is the objective
of this part of the study.

The operations and support evaluation also did not .nclude the C3

equipment nor other constants such as crew pay, fuel and minor
variables, such as base support. Three concepts of support were
censidered:
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A1l Contractor Maintenance wherein the prime contractor would
perform all on-base maintenance and repair while overhaul was
accomplished through subcontracts with the airline industries
at their facilities. Since airline maintenance personnel
would probably be recruited to do the work, this concept is
considered equal to airline maintenance.

Contractor Support where the Air Force personnel man the
flight Tine and docks in a troubleshoot-remove and replace-
inspection practice. The contractor would provide the spares
and utilize the capability of the airlines to perform repair
and overhaul functions at their facilities. This is very
similar to the current E-4A procedure.

c) Normal Air Force Maintenance system of organizational,
immediate and depot levels attendant with the AGE, spares,
spare or overhaul parts and data.

The results of the study are shown in Figure 24. The combination of a
comnercial aircraft with airline maintenance is used as a relative life
cycle cost factor of 1.0. The current derivative program is compared to
that with a relative cost factor of 1.18 while the mil spec aircraft
with normal Air Force support has a relative cost factor of 2.56.

4 AIRPLANES — 10 YEARS
VARIABLE® COST OMLY

(CJACQUISITION

OPERATIONS &

2 = I MAINTENANCE
RELATIVE <

CosT

CCM'L 747 DER 747 Mil SPEC 747

AiRLINE  CONTRACTOR NOBMAL AF
MAINT. SUPPNRT MAINT.

* DOES NOT CONSIDER ¢3 EQUIPRITINT, CREW, FUEL, ETC,

Figure 24. Life Cycle Costs - E-4A
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Existing programs, other studies of various segments of the various
maintenance concepts applied to such proyrams, and other data from

contractor experience provide backup data
study cost savings shown,
(a)-use of contractor support, {(b) engine

These data are

costs, (d) flight test costs and (e) material costs.

to substantiate the E-4A
presented beiow and include
savings, (c} cumulative program

The reduction in logistics costs on the T-43A is predicted to be similar

to those of E-4A 747 study (utilizing contractor Support).
After one and one-half years of operation, the portion based on
contractor support is proving the prediction.

25.)

MILLIONS
OofF
DOLLARS

(See Figure

10 YEARS
200 — USAF USAF
MAINTENANCE MAINTENANCE
VITH
i 162 CONTRACTOR
150 |- CREW LOG!STICS SUPPQRT
FOL {NOW IN USE)
MAINTENANCE
CREW 3
100 |- DEPOT POL
BASE CONTRACTOR
SUPPORT
50 I SPARES
-~ USAF
INDIRECT MA!NTENANCE
COSTS INDIRECT
COSTS
0
BASED ON: AFM 172-3 DATA

12 AIRCRAFT

1035 HRS/AIRCRAFT/YEAR

Figure 25. T-43A 0&M Costs

Approximately 20z of the total program dollars over the first Aeromed
contract support years was avoided initially because no funds were

required for initial spares and for AGE
results of an AFLC study show in Figure
shows the longer the contract is in effect, the more th2 government

saves.
support cost.
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for shop and depot use as the

26.

Additionally, the comparison

Percentage-wise, the government saved 45 of a normal five-year
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Figure 26. Aeroned Support Cost Comparison

The greatest potential of cost-saving in contractor logistics support
is the provision of spares by the contractor during the early years of
a program. Air Force and contractor statistics show that about 50% of
initial spares become obsolete or are never used. Beside the
obsolescence factor of parts, at least 50% of initial Federal Stock
Number (FSN} expense could also be avoided. The supply system savings
of contractor support also result from high volume of the commercial
system and from a shorter pipeline. The 10-year savings estimated for
the E-4A study were $84,910,000 for no FSN usage (per AFSCM/AFLCM
375-6, dated 20 May 1968) and $24,826,000 (49%) for supply.

Two studies were made on this cost saving obtainable from the supply
system: on the potential use of the 747 as a tanker, and for the
utility Tactical Transport Aircraft System (UTTAS) helicopter.
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The 197G study of a potential 747 tanker program advanced the cencept
of utilizing contractor support until each of five bases had received
their compliement of ten aircraft then transferring the accountability
of the spares at the time of delivery of the tenth aircraft (stocking
one base at a time). When all aircraft were delivered, the depot
capability was transferred tu the Air Force. This method was compared
to normal or all Air Force maintenance and COMBS {Contractor Operated
Main Base Supply as now used or the E-4A). The resulits are shown in
Figure 27.
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Figure 27. 747 Tanker Supply Costs

For the UTTAS program, the contractor discussed the potential use of a
contractor supply system whevein the contractor would provide all spare
and repair parts requirements during the rrototype, test and evaluation
phases. This would continue through the maturity phase and into the
production program until the customer expressed a desire to transfer the
support responsivility to his own conventional supply system. The pro-
posal indicated about 40% savings (Figure 28j.
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TABLE 14. ENGINE SCHEDULED MAINTENANCE

Customer Element Interval
C-9A (Stardard military) Hot section inspection 2009 EH
Overhaul 3CO0EH

T-43A (Typical commercial)  Engine heavy mzinierance 8CO0 EH

% T~43A Savings: 76 Engine changes
{per SOCO EH cycle) $7.486.090

Another cosmercial airline practice, called engine derating, has been
approved for use on the T-43A program to reduce failures and removals.
This practice ailows a reduction in take-off thrust on occasiqns when
conditions of weight, temperature and runway length permit. (The

reduction in peak engine temperature improves engine life.} Approxi- E

mately 50% of all airline departures are now at reduced thrust. The =

sunmary of these benefits is shown in Table 15. %

TABLE 15, ENGINE DERATING =

=

Proccdure:  Reduce takeoff thrust 5% :

Recuit: % Down %

3F Pre;nature removal rate 50 %

7 Infiight shutdown rafe 3y =

& Fuel expendituse 5 =
= g

35 Engine mainteaance material 20 %

Fngine overiaui iabor 2 =

N £

=N =

3 =
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NI

]
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One research effort by the contractor for an effective analytical modei =
to determine costs of a commercial aircraft srggram with many variables =
began with the basic elements of number of customers, schedule and E
quantity of design changes. The results of one initial s?cdy show the =
difference between the cost of a typical commercial azircraft program %
with many customers, ti 3h* Sr.he"--}es and many changes aad tne cost of =
an ideai program with a single customer, oplinum cheu.zxe, alf ‘re =

normal changes and a chl*"F with fewer part numbers {Figur2 30}. ¥While
these cases are hypothen‘,aa examples fcr iliustrative purposes, there

is nothing imaginary about the cost differences. The factors moving
these costs have no relation to product quality or performance objectives.
The conclusions from these data are that stability cf plamning cf the
total program is the key to cost effectiveness and the program marcger
must have the experxer-fe aa,,.fmnfy, and resgurces to make the proper

S bl

L
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trades for life cycle cost early in the preliminary design phese. %ig
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The cost of complying with AFR 55-22, "Contractor’s Flight Operations,”
is shown in Figure 3}. Nore of the requirements iisted in this regula-
tion is judged to add to the safety or 2fficiency with which a flight

test program is conducted by the contractor on derivative aircrafe
since the contractor Is flving the same basic aircraft everv day.

AT
i [PREVIOUS COMMERCIAL EXP
. i DELIVERIES
TECHNICAL AC HNimAaL] ToTAL
200k 707 1958 £85
AUSITIONAL 737 1266 365
DOLLARS rz
(THOUSANT:S) apminisTRaTion L2271 1990 =2
E-2 IRAN  7-43A
TANKER
§353,530 Additiomal cost on four contracts a5 of October 1974
@ Esress training ® AFCMD form 24

® Physiologic! training @ Flight cquipment
® Flight physicals
Figure 31. Flignt Test Costs - AFR 55-22
Part procurement is another area for potential cost avoidance. The
i ices of

cost increases, percentage-wise, ir the prices ¢f parts of military
programs are estimated tc be:

5 tities
50 rts control is reguired
15 testing and verification reguire-

al part due %o 2 warranty prograsm
F a greater production guantity,
! i1l sell spares at a figure higher
nich is considered a5 & manufacturer’s
commercial fiald. byt not ailowable
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Tne major variance between military and commercial program flowtimes

is in the flight test phase, other things being equal. Up to one-third
less flowtime for the commercial program is typical. As discussed in
Section 111, causes for the difference appears to be in flight crew rest
periods and a somewhat more inflexibility in test change approval. The
Tlowtimes for the comparison of military and commercial versions of the
737 are shown in Figures 32 and 33.
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Figure 32. 737-100 Military Test Program
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Figure 33. 737-100 Commercial Test Program

C. RESOURCES

The following paragraphs conment on those savings in resources between
military and commercial practices which could be identified from the

data analyzed.

Finance managers indicated a requirement for three times the number of
estimators on military programs to comply with DoDI 7000.2 than are on
commercial programs. Some project engineers on devivative programs
indicated that 6% of their manpower hudget goes to monitoring contract
changes. On one derivative program with minimum derivation {Peace
Station), one engineecr handled the administrative job on a part time
basis and had less than a £1le drawer of data. The T-43A program with
a larger integration job had four personnel including a supervisor, 3
large office aiid many files and bookcases. The vatio in number of
personnel required to respond to a typical equivalent military and

commercial RFP is estimated to be approximately six to one.
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The non-recurring portion of life cycle costs (RDT&L) is essentially
the same on both military and commercial programs, €0 -80 of total
RDT&E costs, according to available data. The production labor on a
comrercial progaram wiil run less than 50° of the cost. Estimated data
for a similar military program shows labor to be 55 -75 of the cost.
The Operations and Support (08&S) personnel portion of life cycle costs
of the E-4A study, where the on-base maintenance personnel went from
239 for all Air Force to 199 for contractor support to 107 for airline
type maintenance, is an example of resource reduction,

D.  SuMMALY

It was difficult to pinpoint savings, based on tne data available for
the study, in such a manner that the cost differences in each practice
for each major program phase could be carefully quantified and validated.
Some of the findings, when viewed from the standpoint of cost savings,
were relatively insignificant (0.1') when compared to total program
cost. Many of the findings involve a series relationship in that for a
program life cycle cost saving to be realized, the chain of elements
leading to this saving must remain intact from program inception to
phase out. However, in aggregate the findings appear to point out
areas of potential cost avcidance and therefore, were included in the
study.




A.

B.
1.

SECTION VI

RECOMMENDATIONS
GENERAL

This section of the report presents recommendations resulting from this
study. These recommendations are grouped by program function,

INITIAL PLANNING

Review the Request For Proposal (RFP) to limit data requirements to
"need-to-know" type only.

Eliminate "how-to-do-it" specifications, e.3., soldering process,
from the RFP requirements on major aircraft contractors.

Reduce the data submittal volume and optimize data delivery timing.
Revise acquisition practices to permit free exchange between
contractor and SPO without jeorardizing contractor’'s competitive
position as is done on all commercial programs and as was done on
the E-3A avionics competition.

Request contractor review of each RFP before its formal release to
improve design and cost predictions. Pay him or consider it part
of his response.

Continue to move toward lower technical cost (design-to-cost).

Strive to achieve the benefit of program stability in funding,
schedule and work statement,

PROGRAM MANAGEMENT

Reduce data regquirements by reducing the number of data specifica-
tions or waiving the parts of other type specifications which
require data submittal.

Consider locating some key SPO personrel witn the contractor to
promote improved coordination.

As an alternate to No. 1, consider delegating more decision
responsibilities to the Air Force Plant Representative's QOffice.

Implement derivative program management and administrative require-
ments by beginning with the contractor's specifications and Federal
Air Regulatiors {FARs), then liwnit the application and flowdown of
additional military requirements to areas of genuine need.

Implemer.c the FAA DER/DMIR type practice on a military aircraft
program.

Reduce change flow time by implementing recommendations 2 {or 3),
4 and 5.
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DESIGN ENGINEERING

Specify output criteria and requirements rather than "input and
control” requirements and “how to" solutions as much as possible
Use commercial specifications and/or Federal Air Regulations when
available and suitable.

Increase the tailoring of design and product assurance requirements
to fit program needs.

Review the genuine need for specifications recognizing that stringent
compliance can be as costly as justifving a deviation. e.q., the
transient voltages defined by MIL-STD-704. Require compliance by
specification and paragraph number, not by specification, only,

or include the specific requirement as part of the system require-
ments without reference to a specification.

MARUFACTURING

Make maximun uSe of the contractor's process and materials specifi-
cations, records and data, tools and skilled personnel on derivative
programs where investigation shows they are adequate.

Minimize requirements for the use of military specification airira®t
components on derivative aircraft unless they are required to be
different/better than equivalent components currently used in
commercial aircraft programs.

Consider deleting the requirement for AFSCR/AFLCR 66-24, "Mairte-
nance of Aerospace Vehicles and Related Support Equipment,” on
derivative programs.

Strive to reduce out-of-sequence work by improved flowtime on
changes required for the program.

TESTING
Review Categories 1, 11 and III flight test requirements on deriva-
tive programs relative to existing commercial (FAR) test procedures
tc use existing contractor procedures or form new integrated test
and evaluation procedures. This would permit tailoring reyuirements
to each program and allow maximum use of existing test procedures
and data.

Delete the requirement for AFR 55-22, “Contractor's Flight Oper.tions,”
on derivative programs.

Delegate flight test personnel change authority teo on-duty personnel.

Delete requirements for testing by utilizing data from previous
tests or similar tests, particularly on derivative programs. The
Governmenti-Industry Data Fxchange Program (GIDEP) can provide useful
data.
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Jelete requirement for 24-hour flight crew rest for both military
and contractor crews on derivative aircraft flight test programs.

Obtain data needed for demonstration or reliability and maintain-
ability from the pasic test program; i.e., do not contractually
specify separate/independent reliability and maintainability tests
and/or demonstrations.

OPERATIONS AND SUPPORY

Expand the application of airline maintenance practice as described
in the "Airline Manufacturer Maintenance Program Pianning Document,
MsG-2."

Devise contracting techniques wnich will allow the Air Force to
take advantage of industrial support capability when such support
is cost-effective.

Use contractor support on all programs where cost-effeztive.

Consider joining airline consortiums and pools as appropriate to
obtain world-wide spares support at minimum investment.

Make increased use ~f commercial publications, training and spares
provisioning practices and products where appropriate. Add military
requirements only on seiected unique equipment and/or where the
commercial data is determined to be inadequate to satisfy system
requirements,

Evaiuate the true total cost of competitive procurement of replenish-
> ment spares for real "savings" generated, and limit this practice
E to cost-effective procurements.

' 7. Explore the use of alternate/advanced data systems for operations
E and maintenance manuals.

8. Delay the requirement for manual and training data until after CDR.

: 9. Develop a flight-line/overhaul maintenance manual specification

i relative to the use of ATA commercial manuals in military programs.
Review sl.ould be made of the T-43A, VC-137C, E-4A and other military
programs where commercial ATA 100 organization maintenance and
overhaul technicai manuals are being currently employed. (These

are usually suppiemented by military urique T.0.'s such as the
flight, inspecticn or other military oriented non-available

E commercial manuals.: The current technical manual specification

E 1. MIL-M-7298C is inzdequate for this apolication.
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.0 General - Papers/Articles *

>d Systems Test and Evaluation Program {IK-STEP)
* {ompares development test-programs for military
osgercial tracsport airplanes. Rough draft copy-

A-7 “esign-to-Cost, Commercial Practices Vs. Dept. of Defense
Fractice.” Bv J. fred Bucy, Texas Instrument Corp.. Report
of the Defense Science Board Task Force on Reducing Costs
of De/ense Systeas Acquisition. ODDKEE, Ma-ch 15, 1973.

-7326-148 "737 Military Derivatives Program, Test Program
Comparison,” by D. M. Longton and G. J. Baron, New Busines;
Suppert Unit, Flignt Test Engineering, Oct. 17, 1966.

A3 *4 Quantitative fzamination of Cost-Quantity Relationships,
Competition During Reprocurement, and Military Versus
Commercial Prices for Three Types of Vehicles,” by M. Zusman.
et ai, Institute for Defense Analysis (IDA Study S-429),
March 1974.

A-3 “Design-to-Cost, for Defense, Kot Just a Buzz Word," by
Lt. Gen. R. €. Coffin, Deput;y Director, Defense Research
and £ngineering {for Acquisition Management), Dec. 1973.

“How Ways to Spell ‘Contract Mismanagement,' Industry
Overhead and Subcontracts,” by Maj. Gen. D. G. Nunn,
A. F. Contract Management Division Commander, Dec. 1973.

“Tough, Economy Minded Efficiency,” by A. F. Chief of
Staff George Brown, Dec. 1973.

A-6 "Criteria for Evaluating Weapon System Reliability, Avail-
ability and Cost,” Task 73-11, Logistics Management
E Institute, March 1974.

A-7 “Design to a Cost: A Sampling of Extent of Implementation,"”
by R. L. Bidwel!, Defense Product Engineering Services
Office, 0ASD (I&L;, April 1974

A-8 *Introduction to Military Program Management," Task 69-28,
Logistics Management Institute, March 1971.
= A-9 "Cost Versus Time,” paper dated July 1969.
E A-10 Boeing Corporate Policy #1C1 - "Planning and Control of
2N Major Programs,” dated Dec. 17, 1968.

i ¥ ATthough this report is based on Boeing experience, a number of papers by others
4 -are of interest relative to evaluation of commercial versus military practice. The
following index includes both Boeing and non-Boeing material for reference.
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RM-4045-PR

Y-2:44

Y-2269

Y-2270

1.0 Generai - Papers/Articies

2 - .
R Y
FRIL T N RO - S

Planned Technical and Program Documentation Compieted at
Program Go/Ahead iExclusive of Joint Venture Agreement},
no date.

Coorgination Sheet 71610-74-40, "Cost of Ownership, X(C-135
Ffropulision System,™ dated June 11, 1974,

8.1 Avionics Requirements, pages from SS07878139A0C100,
dated May 31, 197Z2. Lists government documents and
Horth American Rockwell Corpuration specifications for
the B-1 Bomber.

B-1 Flow Chart - inciudes system definition, design
discipline, interface, software and through integration
test, dated 5-30-74.

BCAC Policy 6-1000-C40, Product Technical Definition,
dated August 30, 1968.

Defense Management Journal - Design-to-Cost, Speciai
Izsue September 1974,

MSG-2, Airline/Manufacturer Maintenance Program Plarning
Jocument.

“Cost-Estimating Relationships for Aircraft Airframes,”

by G. S. Levenson and S. M. Barro, Rand Corp. (RM-4845-PR).
Covers engineering, manufacturing, and flight test cost
clements of airframe ‘flyaway costs.’

"Trends in Aircraft Maintenance Requirements,” by W. H.
McGlothlin and T. S. Donaldson, Rand Corp., June 1964.

"Design to Cost Appiication in Military Environment Means
Changing 0ld Ways," by M. F. Wilson, Collins Radio Co..
June 1973.

“Acquisition Objective Changes from One of Sophistication
to Reliability at Lower Cost,” by J S. Gansler, Assistant
Director (Electronics) ODDR&E, June 1973.

“Design to Cost: Concept and Application,” by Cdr. F. H.
Hollister, USN and R. R. Shorey, Office of the Assistant
Director (Electronics) ODDR&E, July 1973.
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4.0 Military Publications
(Selected from Boeing Programs)
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%% AFR 800-2 Program Management ~ Acquisition Management.
o AFR 800-11 Life Cycle Costing (LCC).

AFLCP/AFSCP

éi 800-19 Joint Design-to-Cost Guide.

3

DoD Directive
5000.1 Acquisition of Major Defense System.

MIL-STD-1438B Standards and Specifications, Order of Precedence For the
Selection of.

MIL-STD-483 Configuration Maragement Practices.
MIL-STD-499A Engineering Management.

MTL-STD-847A Format Requirements for Scientific and Technical Reports
prepared by or for the Dept. of Defense,

MIL-HDBK-127 Reliability Stress and Failure Rate Data for Electronic

Equipment.

MIL-STD-781 Reliability Tests: Exponential Distribution.

MIL-STD-785 Reliability Program for Systems and Equipment Development
and Production.

MIL-A-8866 Airplane Strength and Rigidity -- Reliability Requirements,
Repeated Loads, and Fatigue.

AFR 80-5 Reliability and Maintainability Programs for System,
Subsystem, Equipment and Munitions - R&D.

AFSC/AFLC

Reg. 66-24 Maintenance of Aerospace Vehicles and Pelated Support Equipment.

DH 1-9 Maintainability.

MIL-HDBK-472 Maintainability Prediction.

MIL-STD-470 Maintainability Program Requirements (for Systems and
Equipments) .

MIL-STD-471 Maintainability Verification/Demonstration/Evaluation,

DH 1-6 System Safety.

MIL-STD-882 System Safety Program for Systems and Associated Subsystems

and Equipment.
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DH 1-3

MIL-STD-1472

MIL-D-26239

MIL-V-38352

DH 1-1
MIL-F-8785
DH 1-2
DH 1-X
DH 2-7
DH 2-8

DH 2-1

MIL-A-8860
MIL-A-8861
MIL-C-8073

MIL-R-7705
MIL-C-5462
MIL-S-8806
MIL-A-9094
MIL-D-9129
DH 2-2
MIL-STD-203
MIL-STD-1333

4,0 Military Publications
(continued)

15
o, 2o DAY ST e et

Personnel Subsystems.

Human Engineering Desig: Criteria for Military Systems,
Equipment and Facilities.

Data, Qualitative and Quantitative Personnel Requirements
Information.

Value Engineering Program Requirements.

General Index and Reference.

Flying Qualities of Piloted Airplanes.
General Design Factors.

Checklist of General Design Criteria
System Survivability (Classified).

LLife Support.

Airframe,
Airplane Strangth and Rigidity, General Specification for.
Airplane Strength and Rigidity, Flight Loads.

Core Material, Plastic Honeycomb, Laminated Glass Fabric
Base, for Aircraft Structural Applications.

Radomes, General Specification for.

Cover; Wing and Tail, Aircraft, General Specification for.
Sound Pressure Levels in Aircraft, General Specification for.
Arrester, Lightning, General Specification for Design of.
Dischargers, Aircraft Electrostatic, General Specification for.
Crew Stations and Passenger Accommodations.

Aircrew Station Controls and Display Fixed Wing Aircraft.

Aircrew Station Geometry for Military Aircraft.
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MIL-K-25049

MIL-STD-850
MIL-W-7233

MIL-R-83055

MIL-STD-1511

4.0 Military Publications
(continued)

Knobs, Control, Equipment, Aircraft.
Aircrew Station Vision Requirements for Military Aircraft.

Windshield Wiper System, Electric, Aircraft General
Requirements for,

Rain Repellent Dispensing Systems Aircraft Windshield,
General Specification for.

Inflight Emergency Escape System, Aircraft, Requirements for.

MIL-S-9479 Seat System: Upward Ejection, Aircraft, General Specification for.

MIL-S-18471 System, Aircrew Automated Escape, Ejection Seat Type, General
Specification for,

MIL-5-83249 Slide, Escape, Aircraft, Inflatable, General Specification for.

MIL-S-81018 Survival Kit Container, Aircraft Seat, with Oxygen, General
Specification for.

MIL-S-81040 Survivai Kit Container, Aircraft Seat, Without Oxygen,
General Specification for,

MIL-C-25913 Cartridge Actuated Devices, Aircraft Crew Emergency Escape,
General Specification for,

MIL-S-38039 Systems, Illuminated, Warning, Caution and Advisory, General
Specification for.

MIL-G-83063 Galley, Aircraft, General Requirements for.

MIL-A-8862 Airplane Strength and Rigidity, Landplane Landing and Ground
Handling Loads.

MIL-1-8552 Landing Gear, Aircraft Shock Absorber (Air-0il Type).

MIL-S5-8812 Steering System; Aircraft, General Requirements for.

MIL-W-5013 Wheel and Brake Assemblies, Aircraft.

MIL-B-8584 Brake Systems, Wheel, Aircraft, Design of.

MIL-B-8075 Brake Control Systems, Anti-Skid, Aircrait Wheels, General
Specification for.

MIL-A-8591 Airborne Scores and Associated Suspension Equipment; General
Design Criteria for,
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DH 2-3
MIL-STD-1534
MIL-E~5007

MIL-S-38399
MIL-S5-27266

MIL-P-8686

MIL-D-7602

MIL-G-6641
MIL-D-27729

MIL-F-7872

MIL-C-8188

MIL-F-38363
MIL-F-8615
MIL-T-18847

MIL-F-9490

MIL-A-8064

MIL-H-5440

MIL-H-8890

4.0 Military Publications

(continued)

Propulsion and Power.
Engines, Aircraft, Gas Turbine, Technical Design Requirements,

Engines, Aircraft, Turbojet and Turbofan, General Specification
for.

Starter, Pneumatic, Aircraft Engine, General Specification for.

Starter, Engine, Cartridge and Pneumatic Shaft Drive, General
Specification for.

Power Units; Aircraft Auxiliary, Gas-Turbine-Type, General
Specification for,

Drive, Turbine, Air, Aircraft Accessory, General Specification
for.

Gearbox, Aircraft Accessory Drive, General Specification for.

Detecting Systems; Fiame and Smoke, Aircraft and Aerospace
Vehicle, General Performance, Installation and Test of.

Fire and Overheat Warning Systems, Continuous, Aircraft:
Test and Installation of.

Corrosion Preventive 0il, Gas Turbine Engine, Aircraft
Synthetic Base.

Fuel System, Aircraft, General Specification for.
Fuel System Components; General Specification for.

Tank, Fuel, Aircraft, Auxiliary External, Design and Tnciciia-
tion of.

Flight Control Systems-Design, Installation, and Test of,
Piloted Aircraft, General Specification for.

Actuators and Actuating Systems; Aircraft, Electromechanical,
General Requirement for.

Hydrautic Systems, Aircraft, Types I and II, Design and
Installation Requirements for.

Hydraulic Components, Type III, -65% to +450°, General
Specification for.
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MIL-H-8775

MIL-C-5503

MIL-1-5997

MIL-1-18997

MIL-I-7062

MIL-G-8402
MIL-G-7940

MIL-1-27544
MIL-P-26292
MIL-E-25499

MIL-E-7080
MIL-G-21480

MIL-E-23001

MIL-P-26517

MIL-1-27273
MIL-I-7032
MIL-W-5088
MIL-C-55021

4.0 Military Publications
{continued)

Hydraulic System Components, Air:zraft and Missiles, General
Specification.

Cylinders, Aeronautical, Hydraulic Actuating, General Require-
ments for.
Instruments and Instrument Panels, Aircraft, Installation of.

Indicator, Pressure, Panel Mounted or Case Supported, General
Specification for.

Indicators, Position, Control Surfaces, 28 Volt DC, General
Specification for.

Gages, Pressure, Dial Indicating, General Soecification for.

Gages, Liquid Quantity, Capacitor Type, Installation and
Calibration of.

Indicator, Liquid Oxygen Quantity.
Pitot and Static Pressure Systems, Installation and Inspection of.

Electrical Systems, Aircraft, Design and Installation of,
General Specification for.

Electric Equipment; Aircraft, Selection and Installation of.

Generator System, Single Generator, Constant Frequency Alternating
Current, Aircraft, Class C, General Specification for.

Electric Generating System, Variable Speed Constant Frequency,
Aircraft, General Specification for.

Power Supply, Transformer-Rectifier, Aircraft, General
Specification for.

Inverter, Power, Static, General Specification for.
Inverter, Aircraft, General Specification for.
Wiring, Aircraft, Selection and Installation of.

Cable, Twisted Pairs and Triples, Interval Hookup, General
Specification for.
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MIL-L-27160
MIL-L-25467
MIL-L-6503

MIL-C-25050

MIL-5-8805

MIL-B-83769
MIL-E-5400
MIL-I-8700

MIL-STD-188
MIL-HDBK-276

DH 1-4
MIL-STD-461

MIL-STD-469

MIL-E-3845.

MIL-A-83116

MIL-A-38339

MIL-P-5518

MIL-P-8564

4.0 Military Publications

(continued)

Lighting, Instrument, Integral, White, General Specification for,
Lighting, Integral, Aircraft Instrument, General Specification for.

Lighting Equipment, Aircraft, General Specification for
Installation of.

Colors, Aeronautical Lights and Lighting Equipment, General
Requirements for.

Switches and Switch Assemblies, Sensitive and Push, Snap
Action, General Specification for.

Batteries, Storage Lead Acid, General Specification for.
Electronic Equipment, Airborne, Geneval Specification for.

Installation and Test of Electronic Equipment in Aircraft,
General Specification for.

Military Communications System.
RF Transmission Lines and Fittings.
Electromagnetic Compatibility.

Electromagnetic Interference Characteristics Requirements
for Equipment.

Radar Engineering Design Requirements, Electromagnetic
Compatibility.
Environmental Control, Environmental Protection, and Engine

Bleed Air Systems, Aircraft, General Specification for.

Air Conditioning Subsystems, Air Cycle, Aircraft and Aircraft-
Launched Missiles, General Specification for.

Air Conditioners, Lightweight, Compact, Military, General
Requirements for.

Pneumatic Systems, Aircraft; Design Installation, and Data
Requirements for.

Pneumatic System Components, Aeronautical, General Specification
for.

112

A e R e g

A

B e e R A N

RN Ad B, A 0

Wb W02 0 s othe W) it Pyl




f it

AL i

b

i

MIL-D-88C4
MIL-A-9482

MIL-D-19326

MIL-D-8683

MIL-R-83178

MIL~0-27335

4.0 Military Publications
(continued)

De-Icing Pneumatic Boot, Aircraft, General Specification for.

Anti-Icing Equipment for Aircraft, Heated Surface Type,
General Specification for.

Design and Installation of Liquid Oxygen Systems in Aircraft,
General Specification for.

Design and Installation of Gaseous Oxygen Systenis 1n Aircraft,
General Specification for.

Regulators, Oxygen, Diluter-Demand, Automatic Pressure-
Breathing, General Specification for, .

Oxygen Systems, Survival Container Oxygen Kit, General
Specification for.
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COMPARISON OF SPECIFICATIUNS, MILITARY TO COMMERCIAL
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INITIAL QUESTIONNAIRE
(with summarized answers)




o = AT TSI I 12, s il

1¢ Bucust 1674
2-500G-%/C-0D1

To: See Attached List

Subject: Evaluation of Military and Commercial Airplane
Practices

L The Boeing Company is performing a study for tho Air Force to
3 compare commercial and miiitary practicas on airpizne prodrams
so that military program management and procurement may benefit
from cost saving/cost reduction techniques proven on commercial
programs. Boeing was selected for the study bzcause of its
vast experience in both areas.

E s Questionnaires are being prepared and sent to those with ex-
- perience in both types of programs to cover the disciplines of
§ planning, management, design, manufacturing, test and support.
= The questionnaires are dasigned to pirnpoint areas of major

i difference so that follow-on evaluaticn can be concentrated
where it will have the potential of doing the mcst good.

E Each participant is requested to provide a candid answer and

- return the questionnaire as soon as possible but not later than
- 30 August 1974. Any questions should te directed to the under-
signed on 237-7565.

e . e e




RETURN TO: D. L. QUIGLEY
Ext. 237-7565

M/S 92-23
QUESTIONNAIRE
Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Program Management
Instruction: Place check in Rating colum which most closely matches experience.

.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

RATING (MILITARY TO COMMERCIAL)

MOCH
1TEM MORE  MORE  SAME  LESS
Deqgree of preliminary planning . . . . . . Ml "W "n 1
Number of trade studies . .. . . .. A my (]
2a. Configuration . . . . . . .. .. .. M i e T
2b. Cost . .. ............ : . il m ™ i
2c. Customer . . . ... .. e e e e Wi L o} m
2d. Competition . . . . . .. ... ... i L Ml L
2e. Subcontractor . . . . . . . . .. .. m 0§ 0] _
No. of controls . . . .. e e e e e e W i M _
Sizeof team . . . . .. . .. ... ... ML Y '\ W
Freedom for long-range plamning. . , . , LR L il N
Customer coordination . . . . . S 1 1 i, n_ il
Vendor/Assoc./Sub. involvement . . . . . . iy Wi ML L
Industry involvement . . . . . .. .. .. _ 1 . M
Directives (Command Media) . . . . . . .. L4 N 1] L
Use of current state of technology . . . . _ Wi it b, |
Upper management review. . . . . . . . . . 1 gt W W
Time required for decision making process. MiWi M _ _
Written correspondence . . . . Coe e TRImD 0 i _
Phone conversations . . . . . . .., .. MWL T 1l _
No. of file cabinets for records . . . . . L, fn 1} i
Establishment of Program Goals . . . . . . h i Y] s
Establishment of Design-to-Cost Goals . . i} 1 i if
Marketina involvement . . . . . . . . . . ~ { 'y il
Facilities requirements . . . . . . . . . T L, X ) il
OTHER:
1. Please submit names of other individuals to whom questionnaire should be
sent:

2. Is there a better way to acquire this information:

127
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QUESTIONNAIRE
Subject:
Phase: Contracts
Instruction:
I1TeM
1. No. of "boiler plate" pages . . . . . . .
2. Pages percontract . . . . ... . ...
3. Complexity of "boiler plate" contents . .
4. Amount of documentation . .
5. Pre-negotiation inquiries . . . . . . . .
6. Post-award inquiries . . . . . . . . . .
7. Post-delivery inquiries . . . . . . . . .
8. Number of negotiations . . .. . .. ..
9. Number of personnel involved
9a. Customer . . ... .. ......
9%. Boeing . ... ... ...
10. Complexity of contract. . . . . . . . . .
11. Number of contract changes. . . . « . . =
12. Time to negotiate contract (productiv
time)
13. Calendar time from start to finish. .
14. Taxes - local/Federal . . . . . . . . ..
15. Facilities Requirements . . . . . . . . .
16.
17.

be sent:

RETURN TO:

D. L. QUIGLEY
Ext. 237-7565
M/S 92-23

Comparison of Military to Commercial Practices in new airplane procurement.

Place check in Rating coluimn which most closely matches experience.

RATING (MILITARY TO COMMERCIAL)

¥
eomncyudt et s tNg

MUCH
MORE  MORE SAME  LESS
— '-—— — —
‘_ — — —
- - L -
— '_ — —
- - - -
— \— — —
L - - -
H
— — ‘— —
— — ‘— —
— \— — —
L - - -
- - L -
- - - i
— ‘—A — —
pa— '— - —

2. Is there a better way to acquire this information?:
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1. Please submit names of other individuals to whom guestionnaire should
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Phase: Finance

RETURN TO: D. L. QUIGLEY
Ext. 237-7565
/5 92-23

QUESTIONNAIRE

Subject: Comparison of Military to Commercial Practices in new airplane procurement.

L Instructicn: Place check in Rating column which most closely matches experience.

RATING (MILITARY TO COMMERCIAL)

MUCH
] ITEM MORE MORE SAME  LESS
; 1.  No. of specifications. . . . .. . .. .. _ I _ _
' 2. No. of pages per spec. . . . . . . . . .. f L _ _
3. Amount of documentation. . . . . . . ool i _ _
4. Detailed amount of documentation . . . . . [Y) i _ _
5. MNo. of cost evaluations. . . . . . N i 0 _
3 6. No. of trade studies . . . . . ... ... L iy il _
7.  Amount of customer coordination. . . . . . | h _ _
8.  Number of personnel involved . . . . . .. i n_ i _
9. Percent learning curve . . . . . . . . .. _ n il _
10.  Initial unit price . . . . . . . ... .. i i L _
11. Average mmitprice . . . . . . .. . ... _ '] i i
: 12. FeeMegotiated . . . . . ... ... ... _ i _ 1]
13. Overhead charges . . . . . . .. ... .. - L v it
14. Post-delivery customer queries . . . . . . L W L IL
15.  Facilities Requirements. . . . . .. . . . _ i M V.
1 16.
; 17.
- 18.
e 19.
%
.1
OTHER:
1. Please submit names of other individuals to whom questionnaire should
E |, be sent:

3N ]

gl

i

Is there a better way to acquire this information?:
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QUESTIONNAIRE
Subject:
Phase: Engineering - Preliminary Design

RETURN TO: D. L. QUIGLEY
Ext. 237-7565

M/S 92-23

Comparison of Military to Commercial Practices in new airplane procurement.

Instruction. Place check in Rating column which most closely matches experience.

2 W -

0@\4.0’\

10.
1.
12.
13.

15.
1o.

17.
18.
19

20.
21
22.

ITEM

No. of configurations . . . . . . . - .
No. of narametric studies . . . . . . . .
No. of evaluations . . . . . . . « . .

Tine to make evaluations . . . . . . .
4a. By Customer. . . . . . . . . . ..
4b. By Boeing . . . . . . e e e

No. of people at evaluation meetinjs. .
Sa. Customer . . . . . . . ¢« « - « - .
Sb. Boeing . . . . . . - . .. ..

No. of specs. to be complied with . . .
Amount of detail in specs.

No. of final specifications . . . . . .
Amount of detail in final specs . . . .
No. of documents generated . . . . . .
No. of document pages generated . . . .
Use of wind tunnel . . < . . . . . . .
Use of computer . . . . . . . . . . - .
No. nf personne) assigned . . . . . . . .
Na. of meetings . . . . .« . .

Ne  of penple at meetinge . . .
P (ustioner « o o o . . . .
16 Boeanyg . . . .

Nee of trips %0 uotential customkr. . .
No. of neople on each trip.

wo of visits by potential customer . .
No. of neople on visits . . . . . . . .
£lapse time to perfom PO . o o

Asount of dollars spent on I I
274  Boeing Expense . . . - . . . . -
2:h. Customer Expense

130
Page 1 of 2

RATING (MILITARY TO COMMERCIAL)

MUCH
MORE MORE SAME  LESS
i i Wil W
11 L wh v
i b i —
L y _ _
Tl 17\ L
ul Wi i il
It i _ -
AN T - -
it MR ML L
i oy _ _
LSL U X n _
M L U () -
WL L\ " -
g i L -
AN N 5 _
_ L 10 L0
' d wWw
m L U] -
) L Wil ] i
i _ |!i ) _
SN mi ] -
il M n "
LU Wi WL
M Wi M I_
W MW ] _
0, L LI ', _
il IR i\ il
1 it 1 B
| e n "
il DL -

spmanguil

b gl
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e e e e
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Phase: Engineering - Preliminary Design (continued)

- RATING (MILITARY TO COMMERCIAL)
; MUCH
- ITEM MORE  MORE  SAME  LESS
23. Completeness of design by P.D. . . . . . . . . _ it iy L U

24. Amount of Staff/Project coordination . . . . . _ ¥l ﬁythQ\ 0
4 25. Facilities Requirements . . . . . . . . . .. i lii M
4 26.
1 27.
3 28.

29.

OTHER:

= 1. Z;e::§t§ubmit names of other individuals to whom questionnaire should

s 2. !s there a better way to acquire this information?:

T —————
- . '
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RETURN T0: O. L, QUIG.EY
Ext, 237-7565

M/S 92-23
QUESTIONNAZRE
Subject: Comparison of Mil{tary to Commercial Practices in new airplane procurement.
Phase: cngineering - Project

Instruction: Place check in Rating colum which most closely metches experience.
RATING (MILITARY YO COMMERCIAL)

[TEM %ﬁg MORE SAME LESS
LIER r_.

1. No. of specificatfons . . . . ... .. .. WE il _
2. No. of pages inspecs . . . . .« . .. . WMV Mg W _
3. No. of documents . . .« . .+ v v v v 0 v . W 0 -
4. No. of pages in documents . . ., . . . . . . (WM gu W —
5. No. of drawings . , . . . . . ... . i W L LI
6. Quality of drawings . . . . . . . . . ... ] -
7. Time to make drawings . . . . . . ... .. _ ” [ —
8. Time to check drawings. . . . . . . . . . . _ ) Wam -~
9, Time to release drawings, . . . . . . . .. L %‘ Ny
10. No. of desfgn changes . . . . . . . .. .. M MM 1]
11. Time to change approval

11a. Major Changes. . . . . . . . . « . . . "W W I -

11b. Minor Changes. . . . . . + « « v o + M) Dt e [
12. No, of Mockups . . . . . . . .. o v ., m m‘[ et 1
13. No. of Desfgn Reviews . . . . . . . . . .. LW UMWl - -

No. of Attendees

13a.  Customer. C e e 0 ) VI _ -

13b. Boeing e e e e e e e e e .yl I i _
14. No. of new vendor items . . . . . . . ... I Ly i L
15. No. of liafson changes . . . . . . . . .. v v iR
6. Time to liaison change approva1 ...... ' ¥ L 1) -

,6‘ "‘jor 4 ’ ’ . , 4 L4 ’ . , ’ . . ’ , ’ C ,”m”‘ -

'6bvmnorfrrrt¢vrot¢':4¢4‘_ ‘-“' _m‘_—
17. Inplant Coordination. . . . . . . .. . .. R My Rﬂ -
18. Customer Coordination . . . . . . . . ... nw W\ M r
19. MNo, of trade studfes . . . . . . .. . .. W 1, \ g\ _
20, Mo. of pages in studfes . . . . . . . . .. N I Wi\ -
21, Use of computer . . ., . e e e e e i L] TRUMR -
22. Mo, of personnel assiqned ......... ™ 0L | LI ) -
23, No. af weetings . . . . . . . 0 .. N Yol L -
24, Ho, of personnel at mcetinqs _

248, Customer . . . .. .. e (L LU Y _ .

24h, Boedng . oL o L o o N nuMA I8 -
25. No., of trips to customer. . ., . . . . . . . ™ ), U 1w I
26, No. nf personnel on each trip . . . . . ., . fin LU I’ ~
¢7. Ho. of visits by customer . . . . . . . . . i It n -
28, No. of personnel on visits, . . . . . . . . DUWI L L' "
29. Maintainability specs . . . . . . . . . . . HIWN I A\ i -
30. Relfabilfty specs . . . .« v . . v v 0 0. IyMW Wit W -
31: TS’dfety ":”“"C.';- 1: -' aaaaa LR R T T T Y S ‘ﬁm"\ nj_l\‘\ &m‘ -
32. me spent desianing . ., . . . 0 0 L, ) W
33, Time spent writing, . . v « o v . v o v ., Hatein m\m | -
34, Application of new innovations. . . . . . . W, Y WM
35, Amount of Manufacturing Yiafson ., . ., . . . | ] uva‘ LS

\ -

36. facilitfes Requirements . . . . . . . . . | O

132
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Sabkipct:

t: Comparison of Military to Commercial Practices in new airplane procuresent.

Prase:

RETURN TO: D. L. QUIGLEY
Ext. 237-7565

;S 92-Z3

QUESTIONNAIRE

Engineering - Techaology

Instruction: Place check ir Rating columm which most clcsely matches experience.

ot
‘

[at)
.

Bl
e

ArY T0 COMMERCIAL)

=
™
j 4
a"‘%
2
6

Imount of support provided. . L L . L . H
No, of studies. . . . . . . . . . . .. i
4. of evaluations . - - . . . . < .« . i

Time to make evaluations . . . . . . .
2a. By Customer. . . . . . . . . . .=
4b. By Beeing . . . . . . . . -

No. of people at evaluation meetings. .
“a. Customer . . . <« . - .« <« « . 4 - -
Sb. Boeing . . . - - - . . e .

A
|
U}
No. of specs. tc be complied with . . . Mn
Amount of detail in specs. L))

No. of final specifications . . . . . . Hh
Amount of detail in final specs . . . . M

No. of documents Generated . . . | . mn
No. of document pages generated . . . . R
tyse of wind tunnel . . . . . . . o ..
o of comouter . . . . L L L - - . .
%;». of personrel assioned . . . . . . . 1

o, of mEeetings . - . . . . - . . - . . il

%n. of people at reatinns . . . . . .. B
Tga. Customer - - . - e e o e - - [} ]
¥n. Boeing . . . . . o ... e o . in

s @RS EAENENUE" Nl al I8 Sl " 3 4 {

vo. of trips tc ootential customer. . . 1

P
‘—

“ic. of seople on each trip. . . . . . . i
%o. of visits by notential custorev . . 4t
No. of people on visits . . . . . . . . I

~mount of tire spent on Project Supt... i

Z. 2 Z &

~nount of time spent or P.D. Suppor:. . ;\
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Prase: Engineering - Technology (continued}
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RATING {MILITARY TO COMMERCIAL)

M)CH
TEM MORE MORE SAME LESS

L]

“w

L'} -
K. L

-

fpplication o o2 “nnovations. . . . . . .. &
Applicaticn of recent research resuits. . . .

Aligneent of ressarch with next ~
qererstion A/C - . - . . ... - ... ... W 1 RU

Lwarenzss of new innovations by suopliers | i

"M i

|
=

GTHER:

1. Please submit names of other individuals to whom questionraire shoyld
be sent: N

3 TheTe 2 Deller way o 2cguire this ‘rformationl:
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RETURN TO: D. L. QUIGLEY
Ext. 237-7565

QUESTIONNAIRE M/S 92-23
Subject: Compariscn of Military to Commercial Practices in new airplane procurement.

Phase: Test
Instruction: Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS
1. No. of technical specs applied. . . . . . M nt _ L
2. No. of Pages per Spec . . . . « « . . . . L N _ \__
3. No. of documents required . . . . . .. N 8 n _ L
4. No. of pages per document . . . . . . . . il ] _ L
5. No. of tests requived . . . . . .. ... il i W _
5a. Fuselage . . ... ... ..... e M M _
5b. Subsystems . . . . . . .. .. ... W i i\ _
5¢c. Component . . .. ... ... ... ] ik W _
5d. First Article . . . ... .. ... i 0 it _
6. Flight Tests . ... ... .. ... W i _ —
Development . . . . . . . ... .. \ il " _
Delivery . . . ¢ ¢ o v+ .. . 'R i il _
6a. Ground preparation time . . .. .. v i) gl _
6b, Flight time . .. ... .. e _ qg I _
6c. Reflight items . . . . . . ... .. _ \b ift -
7. No. of copies of reports, documents, etc. M i _ _
. Customer reviews. . . . . e e e e fn i " _
9. Extensiveness of test plan . . ... .. it i )
10. Changes to test plans . . .. .. .. .. i \\i ,\— :
11. Elapsed time for test plan approval . . . i ) - }
12. Facilities Requirement. . . . . . . . .. i iy L _
13.
14,
15.
16.
OTHER:
1. Please submit names of other individuals to whom questionnaire should
be sent:

2. Is there a better way to acquire this information?:
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RETURN TO: D. L. QUIGLEY
Ext. 237-7565

H/S 92-23
QUESTIONNAIRE
Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Manufacturing
Instruction: Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

1. Mo. of Customer specifications . . . . . . lil il L I_
2. Depth of details of specs . . . ... .. h_ M _ _
3. Amount of standardization . . . . .. .. . i Wil _
4. Amount of commonality . . . ... .. .. _ n il I
5. No. of Materials & Process spec . . . . . 1 W i\ _
6. Closeness of tolerances . . . . . .. .. _ 1} i} -
7. Quality Assurance . . . . . . . . . . .. i il U\ _
8. 2roduction =ates . . . . .. .. .. .. _ _ ii) ik
2. Flexibility of schedule. . . . . . . . .. _ _ Iy i_l_
30. Volume of engineering changes. . . . . . . L I ) 1_
11. Lost time awaiting decision . . . . . .. (L Wl _ -
12. No. of out-of-sequence mods . . . . . . . L il _ i
13. Manpower

13a. Number of people . . . . . . .. .. _ it i i

13b. Rate of leading . . . ... .. .. _ T iy i
14. MNo. ot tools . . . . . . . ... ... .. _ i ifl ~
15. No. of first article checks. . . . . . . . _ " M _
i5. Ne.oftests . . . . . ... ... .. 3 i i N
17. Depth of tests . . . . . . . . .. .... _ tli 1l _
18. Amount of travel . . . . . . .. . .. .. ~ il il _
19. No. of Meetings . . . . . .. .. .. .. L Niu _
20. Amount of direct ccordination with 1

custorler . . . L L L L L Lo L “!‘ L _
21, Cust to manufacture same no. of units . . | D_“_“ _ _
e, vacrlities Requirements. . . . . . . . L. - \‘i {\}\ _
23.
4.
25.-
25.
136
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Phase: Manufacturing

RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS

OTHER:
1. Please submit names of other individuals to whom questionnaire should
be sent:

%

i

is there a better way to acquire this information?:

i




RETURN TO: D. L. QUIGLEY
Ext. 237-7565

M/S 92-23
UESTIONNAIRE
Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Manufacturing
Instruction: Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE ~ MORE  SAME  LESS
1. No. of Customer specifications . . . ... _ _ _ i_
3 2. Depth of details of specs . . .. . ... _ _ _ b
i 3. Amount of standardization . . .. ... . _ _ _ [
4, Amount of commomality . . . .. .. ... _ _ _ ‘_
- 5. No. of Materials & Prccess spec . . . . . _ 1 _ _
6. Closeness of tolerances . . . . .. ... _ _ _ _
7. Quality Assurance . . . . . . ... ... _ _ L _
; 8. Production rates . . .. .. ... ... _ _ _ _
. 9. Flexibility of schedule. . . . . . . ... _ _ _ U
: 10. Volume of engineering changes. . . . . . . _ _ - L
11. Lost time awaiting decision . . . . . .. _ _ - I_
12. No. of out-of-sequence mods . . . . ... _ _ _ I_
13. Manpower
13a. Number of people . . . . ... ... _ _ _ _
13b. Rate of loading . . . .. . .. .. _ . - i
14. No. of tools . . . . .. .. ... .... _ _ _ I
15. No. of first article checks. . . . . . .. _ _ - L
16. No. of tests . . . . ... ... ..... _ _ _ L
17. Depthof tests . . . . . . . .. ... .. _ B _ L
18, Amount of travel . . . . . . ... .. .. _ _ _ |
E 19, Ho. ef Meetings . . . . . .. . ... .. _ _ _ |—
20. Amcunt of direct coordination with B
customer . ... ... e . _ _ I _
21. Cost to manufacture same no. of units . . _ _ I
22. Facilities Requirements. . . . . . . . .. _ _ _ ):
23.
24,
25.
25.

138
Page 1 of 2




Subject:

QUESTIONNAIRE

Phase: Materiel

Instruction: Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIALY

RETURN TO:

D. L. QUIGLEY
Ext. 237-7565
M/S 92-23

Comparison of Military to Commercial Practices in new airplane procurement.

SAME

MUCH
ITEM MORE MORE

1. No. of specifications to apply. . . . . . il I
2. No. of pages per specifications . . . . . i il
3. Negotiation time of purchases . . . . . . (N il
4. Quality of purchases. . . . . . . . . .. _ _
5. Amount of documentation required. . . . . it i
6. No. of pages per document . . . . . . . . n W
7. Responsiveness of sellers . . . . . . .. '} L
8. Investigation of sellers . . . .. ... i _
9. Price of similaritem . . . . . ... .. _ M
10. Post-delivery customer queries. . . . . . |_ il
11. No. of people for equivalent task . . . . ﬂ. [
12. Amount of travel. . . . . ... ..... I fin
13. No. of meetings . . . . .. ... .... R i
14. Amount of correspondence generated. . . . I 1R
15. Facilities requiréments . . . . . . .. . _ ]
16.

17.

18.

19.
OTHER:

1. Please submit names of other individuals to whom questionnaire should

be sent:

2. Is there a better way to acquire this information?:
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Subject:

QUESTIONNAIRE

Phase: Product Assurance

Instruction:

©E N o e

10.

11.
12.
13.
14.
15.
16.
17.
18.

ITEM

Maintainability

la. No. of specifications. . . . . . . ..
I1b. Depthofspecs . . . . . . . ... ..
Tc. No. of documents . . . . . . .. ...
1d. No. of document pages. . . . . . . ..
Tle. No.ofreports . . . . . .. ... ..
1f. No. of report pages. . . . . . . . . .
1g. Guarantee requirements . . . . . . ..

Reliability

2a. No. of specifications. . . . . . . . .
2b. Depthofspecs . . . .. . ... ...
2c. No. of documents . . . . . . . .. ..
2d. No. of document pages. . . . . . . . .
2e. No.ofreports . . . . .. ... ...
2f. No. of report pages. . . . . . . . . .
2g. €Guarantee vequirements . . . . . . . .

Safety

3a. No. of specifications. . . . .. . ..
3b. Depthofspecs . . . . .. .. .. ..
3c. No. of documents . . . . . . ... ..
3d. No. of document pages. . . . . . . ..
3e. No.ofreports . . . . . .. .. ...
3f. Guarantee requirements . . . . . . ..

No. ofpeople . . . . . . . . . . . ...
Drawing review requirved . . . . . . . . . .
No. of meetings . . . . . . . . . . . ...
No. of personnel at meetings. . . . . . . .
No. of trins . . . . . . . .. ... ...
No. of trade studies. . . . . . . .. . ..
Amcunt ot coordination with the customer. .
Use of experience data . . . . . . . . ..
Support predictions . . . . . . . . . . ..
Support guarantees . . . . . . . .. . ..
Facilities requirements . . . . . . . . ..

140
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RETURN TO:

D. L. QUIGLEY
Ext. 237-7565
WS 92-23

Comparison of Military to Commercial Practices in new airplane procurement.

Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIAL)

|

MORE

SAME

LESS
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RETURN TO: D. L. QUIGLEY
Ext. 237-7565

M/S 92-23
UESTIONNAIRE
Subject: Comparison of Military to Commercial Practices in new airplane procurement.
Phase: Service Support - Maintenance

Instruction: Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS
1. No. of inspections . . . . . .. .. .. l_ nf s _
2. Quality of inspections . . . . . .. .. _ _ Wiy i z
3.  Ground Support equipment . . . . . . . . 3 ' _ L
! 3a. Flightline items . . . ... ... _ i, L _ %
3b. Shop items . . ... .. ... .. _ " I W %
3c. Overhaul items . . . . .. . ... _ ill " ' %f
4. Facilities . . . . . ... ... .... _ i i i %
=
5. Frequency of scheduled maintenance . . . \_ n _ i g
6. Amount. of scheduled maintenance. . . . . |_ # N L E
= 7. Amount of documentation . . .. .. .. \_ ) i _ i
, 8. Amount of customer coordination . ... & il _ _ ;
E 9. No. of meetings. . . . . . . . . .. .. U i _ . %
g
10.  Extensiveness of maintenance studies . .  _ U} B i §
11.  Freedom to propose new maintenance i
support planes . . . . . . . . .. e _ _ 0 | z
12. Facilities Requirements. . . . . . . . . _ lil _ i
13. Me‘“*k‘V\Lq LQ‘;L-' EF{M{QA /\Lb ‘
14.
15.
16.
OTHER: ) )
1. Please submit names of other individuals to whom questionnaire should -
be sent: -

2. 1Is there a better way to acquire this information:
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STIONMAIRE

Subject: Comparison of Military to Commercial Practices in new airplane procurement.

Phase: Service Support - Manvals
Instruction: Place check in Rating column which

ITEM
1. Nec. of specifications applied. . . . . . .
2. No. of pages perspac. . . . . . . . . . .
3. No. of documents requived. . . . . . . ..
4. No. of pages per document. . . . . . . . .
5. No. of reports required. . . . . . . . ..
6. No. of pages per report. . . . . . . . ..
7. No. of copies per request. . . . . . . . .
8. Timetowrite. . . . . . .. .. ... ..
9. Time toprint. . . . .. .. C e e e e e .
10. tse of current methodology . . . . . . . .
11. Contents . . « ¢ - ¢ o o e 0 e o 0 o v o
MNa. Details . . . .. .. ... ...
Mb. Clarity . .. . ... e e e e e
1lc. Changeability . . . .. ... ...
T2, RCCUTACY + « ¢ = o @ o v e e s o o o a o
13. Time required to make changes. . . . . . .
14. Coordimation . . . . . . . ... ... ..
14a. Customer . . . . . . .. ... ...
14b. Implamt . . . . . ... .. ....
15. No. of meetings. . . . . . .. .. .. ..
16. Attendance per meeting
16a. Customer . . . . . . .. ... ...
16b. Boeing . . . . .. .. .. ...
17. Validation requirements. . . . . . . . . .
18. Verification vequirements. . . . . . . . .
19. Cost permanuai page . . . . . . . . . ..
20. Facilities requirements . . . . . . . ..
21.
22.
23.
24.

OTHER: 1. Please submit names of other individuals to whom qucstionnaire should be sent:

RETURN TO: D. L. QUIGLEY
mo 237‘7“5
WS 92-23

most closely matches experience.
RATING {MILITARY TO COMMERCIA.)

HICH
MORE MORE SAME  LESS
i _ _ _
i 3 _ i
uw - - -
i_ i_ _ L
L i - -
L _ L _
L L _ _
_ i) - -
- W - -
_ - - il
_ Ww - _
— i i -
— - v ||
_ - i} -
" LY - -
1_ - -
i _ _
_ - Y _
n - _ -
_ i _ —
i - 'R -
" 1 - -
L] - - _
- W _ _
- I " -

2. s there a better way i0 acquire this inforwmation?:
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RETURN TO: O. L. QUIGLEY

Ext. 237-7565
WS 92.23
“QUESTIONNAIRE
Subject: Comparison of Military to Commercial Practices in new airplane procurement.
Phase: Service Support - Training

Instruction: Place check in Rating column which most closely matches experience.
RATING (MILITARY TO COMMERCIAL)

MUCH
ITEM MORE MORE SAME LESS
1.  Training (General)
la. No. of specifications . . . . . . . . _ _
ib. Depth of specifications . . . . . . _ 1 _ -
lc. No. of documents generated . . .. § _ _ -
1d. No. of pages per document . . . . . _ L _ L
le. No. of reports requived . . . . . . + _ _ _
1f. No. of pages per report . . . . . . - _ _ _
1g. Amount of customer coordination
time. . ... Lo 0oLl L _ _ _
2. Maintenance Training
2a. No. of studerts . . . . . .. ... _ i _ _
2b. Caliber of students . . . . . . .. _ L L _
2c. Llength of classes . . . . . . . .. _ _ _ iL
2d. Material taught . . . . . . . . .. _ L i _
- 2de~—Hendout meteriet . . . . . .., . _ - L _
= 3. Flight Training
Ja. No. of stydents . . . . ... .. _ _ - _
=4 3b. Caliber of students . . . . . . .. _ _ _ '
g 3c. Length of classes . ... .. .. _ _ v _
= 3d. Material taught . . . . ... ... _ _ L _
= 3e. Custcmer control of course . . ..  _ L - _
= 4. Training at Customer Site . . . . . .. _ _ i 1_
5 5.  Amount of retraining . . . . . . . . .. _ _ b Ul
r3 6. Arount of Upgrade Training . . . . . .. _ 3 b i
E=
T 7. Facilities requirements. . . . . . . .. - i_ _ [
E !
o 8.
‘ 9.
0 0.
g n.
' OTRER: 1. Please submit names of other individuals to whom questionnaire shoyld
E be sent:

Y

2. 1s there a better way to acquire this inforwmation?:
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APPENDIX D

SECOND QUESTIONNAIRE

1. Letter, 2-5000-M/C- (see below)

2. Attachment I - General questions, sent to all

3. Attachment 1I- Specific guestions, sent to
individual discipline

Letter

-002

-007

-009
-010

144

Discipline Addressee

Manufacturing

PM & Engineering
Finance

Test

Materiel

Product Assurance
Maintenance
Training

Manuals
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19 September 1974
2-5000-M/C

To: See Attached List
Subject: Evaluation of Military and Commercial Airplane Practices

Re€avrence: My memo 2-5000-M/C-001 dated August 19, 1974

The response to reference was encouraging and the cooperation evidenced
by this response 1S truly appreciated. The questionnaire fulfilled its
purpose in basically pinpointing areas of differences thus indicating
where concentration of effort should be directed.

A great number of you recommended interviews with key personnel, either
individually or in groups. This will be done. Many of you gave speci-
fic instances of cost-savings or pecple to see toO obtain this data.
These leads are being foliowed.

The attached 1list of questions have been derived from the results to

the reference and other sources. You are requested to provide answers
to the questions and return them by September 30, 1974. Interviews for
further discussion may be requested, based on your answers, other inputs
and your recommendations.

Ry

For your information, my telephone number has been changed to 237-0390

although the mail stop remains at 92-23.

Attachments:
I. General Questions
I1. Specific Questions

145




ATTACHMENT 1

GENERAL

Analysis of the answers to the questionnaire, which were sent company-
wide ir all phasces of airplane acquisition and proauction, show that
basically the difference between commercial and military programs is a
people oroblem in that more people are involved from the military
custower side which raturally leads to a similar number of Boeing
counterparts and to wore correspondence, i.e., studies, reports, meet-
ings, telephone calis, trips, visits, documents, specifications, etc.

The results of questionnaire also indicated little difference in engineer-

ing design, testing and quality of product. This would meun the govern-
ment could save time {which is money) by adjusting the degree to which
peopie are involved on a direct interface. With the above in mind,
answers to the following questionc are requested.

1.  What area of your responsibility is more heavily affected?
(i.e. planning, managing, scheduling, accountirg, testing)

2. Are there particular military specifications eor standards which
can be pinpointed as the causes?

3. What par: of these specs and standards need to be changed and why?

4. Have you data or is data available from which the saving to Boeirg
(and consequently, to the government} can be determined {in manhours,
dollars, flicht time, elapsed time, or a combination of these), if
the specs were changel?

Sl
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ATTACHMMENT |
bage 2

GENERAL (continued)

5. if assigned to, supporting, or with first hand knowledge of &
derivative proqram, is there anything specific you are doing
on your program which is bettei or worse than that dore or
being done on a similar program, i.e., T43A vs AWACS vs AABNCP?
vs KC-135 vs Air Force One vs NASA Shuttle vs Peace Station vs
YC-14?

6. Can you name <pecific technical requirements that need to he
revised, in part or in whole, whick would result in reducing
contract cosis without reduction in guality? This could inciude
deletion, updating, revising or rewriting vy loosening or tighten-
ing tolerances, elimination of certain tests {temperature, dura-
tion, inspection), etc.

7. On the cther hand, assuming the reguirements are valid, are there
better ways to comply? If so, what specs and how?

8. Do you know of examples, trade studics, investigations, histories,
presentations or repirts and by whom which may be available to
research for further information.
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2-3530-7{-002 ATT2O0ENT {1

A sumpary of the zrdwers 1o tRe guecticnnaire it 2ttached for your
review. It does not vary greatly from the genera} anaiysis. B8ased
on this sumEary, severai speCific cuestions wouid arsezr 19 %e 3ppro-
priage

1. Corporate S2ia on cost te

manhours per A¥E pound,
-ilitery 3nd commercial pﬂ;—‘jr,_.
re mndicate the opposite. Can th

Z. Sinre ail zgree that there is lost tize while a2waiting a derision
of the military custaser on making or approving changes amc this

apparently cayses a greater mumber of cut-of-sequernce sodificatiors,
what means can be esployed 2o dafinitize what this lost tioe coste”

3. Doss the iower production rate of the nilitary increase the cost of

the ensd product? If so, how =uch and what 2ffecis these costs?
ic thore an optimsm rata?
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ATTACHMENT 11
Page 2

SPECIFIC (general)

4. Do the greater number of military specs, increased toierances,
more quality assurance, and greater number and greater depth of
tests provide a better product? Why?

5. What is the ratio of administrative manhours to hardware manhours
on military/derivative programs and o: commercial programs?

6. Note other specifics.
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1.

2-5000-M/C-003
ATTACHMENT II

SPECIFIC

Une comment was made that missiles and electronic systems should be
considered separate from airplanes. This has been interpreted to
mean that if the missile or electronic system is a subsystem on an
airplane than the program should be handled by airplane peopie. The
Air Forces does not do this. Whatever element has the most money
involved has the Systems Program Office. For instance, the T-43A
SPO was in ASD (Aeronautical Systems Division) while the AWACS and
Comnand Post SPOs are in ESD (Electronic Systems Division, both of
AFSC. What impact do you believe this policy has on a program?

Can you cuggest a more cost effective approach?

Another comment suggested the government evaluate each company in
the industry periodically %o avoid having to give the same basic
data pertaining to program management, experience, skills, and
other background data in every proposal. Do you agree with this
approach?

Do you believe this change would have any impact on program costs?
If so, where and how much?

If this policy were established and the government set up a central
procurement data bank, what kind of information do you believe
should be included; i.e., what kind of evaluation should be made?
Limit your ideas to airplane manufacturers.

Review of the 747 program requirements reveals a similar set of
directives or command media for both military and commercial programs.
However, answers to the questionnaire indicate the opposite. What

is your personal experience pertaining to implementation of these
requirements?
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SPECIFIC (continued)

2-5000-M/C-003
ATTACHMENT II
Page 2

A nearly universal complaint on military programs is the long time it
takes to get a decision. Is tnere a way that this lost time or time-
awaiting decision can be equated to the cost on a program? How can
this be improved and still allow DoD to maintain control?

ot oAb A1 g o, VR R

A e L

Assuming that military requirements are valid, can you suggest a better
or jess expensive way to implement them?

With all the controls, regulations, specifications, documentation, does
the military customer, as a general rule, receive a better quality
product from industry? If not what do they gain?

How does the lack of freedom in long-range planning impact the cost of
military products? What needs to be done to change this?

Comment has been made that on commercial programs engineers spend 100%
of their time engineering while on military programs it is 40% engineer-
ing and 60% on paperwork. Is this true in your experience? Does this
mean that it takes 2', times longer to do the same job? Are all engineers
affected? Lead engineers? Supervisors?
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2-5000-M/C-003
AYTACHMENT 11
Page 3

SPECIFIC (continued)

10.

1.

12.

13.

4.

16.

A study on commercial prograins has indicated that cver half of all
engineering changes are made because of design errors. Dces the
necessity of having to comply with military specifications and
requirements reduce this problem? What do you think will reduce
errors with cost-effectiveness?

What portion of your total Boeing experience is cn military programs?
Within the last five years?

In your opinion is an adequate balance established between performance

and cost during the initial program planning?

What is the process for major program decisions?

Is a specific unit cost target established and worked toward?

What is your opinion on estabiishing a second source for high quantity
production items?

What type of project offers the greatest opportunity for individual
motivation and growth?

Are standardization and commonality emphasized?
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16 September 1974
2-5000-M/C-004

ATTACHMENT 11

F O LI g L

SPECIFIC

1. Does the government requiremert for completion of the 633 form and for
audit generate more workload for the Finance personnel working on 8
military program than those wrrking on a commercial program? If so,
how much and huw could it b~ reduced?

noe

2. Nearly all answers to the initial questionnaire indicate there is con-
siderable lost time on military programs while waiting for a decision
from the customer, both during the propocal and during production. Are
there data available which would provide what this lost time costs?

P o R 1 ol A )t KA 2 %l 6 o o

3. Are more personnel required for Costs and Schedules support on military
programs? If so, do you have -.qgestions on how to lower the workload?
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4. On current derivative pr.'rams some of you indicated that we are not :
reimbursed for the risk involved for holding positions in the production
schedule, have you recommendations on how this might be handled?
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16 September 1974 ATTACHMENT 11
2-5000-M/C-004 Page 2

SPECIFIC (continued)

What effect would the inclusion of a commercial warranty program have
on the price of military contracts. Would a warranty program be

realistic for the military?

6. Is there a difference between military and commercial programs in the
amount of time spent by Finance for cost estimating in support of

subcontract/vendor work? Why?

There are signs that the government may be changing or waiving some
financing regulations in case of derivatives. For example, cost or
money has been allowed in the Command Post Logistics contract for
spares. What other ASPRS, etc. are being or could be changed or
waived that would help to resolve some of the money problems imposed

on a contractor?

8. Other Specifics?
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17 September 1974
2-5000-M/C-005 ATTACHMENT 11

SPECIFIC

1. Much has been written on the length of military flight test programs
over commercial and subsequent increased cost but if we take out the
maintainability, reliability and personnel subsystem tests (which
the airline customers, in effect, do for us) and the climatic tests,
the flight test program contain about the sase number of flight hours.
There is also about the same calendar time between first flight and
first delivery or certification. If this is true, what is the cause
for the increased cost of a military flight program?

2. What changes do you beliave the government should make to the present
requirements for maintainability, reliability, PSTE, climatic and
lead-the-fleet testing for them to be more cost-effective?

3. What test requirements do you consider valid for a pure military
program but superfluous for derivative programs and which have been

imposed on current derivatives?

4. The comment has been made that rigidity of military testing increases
the cost. For instance, if a test cannot be completed due to equip-
ment failure, the military cancel the test while Boeing, on a
commercial program, will alter the test program, without shutdown or
landing, to accomplish another requirement. Does this occur often
enough to warrant further investigation?
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17 September 1974 . _%%
2-5000-M/C-006 ATTACHMENT II ;
SPECIFIC

1. The initial questionnaire answers indicate the price of a part for a
military program is more than a similar part for commercial programs.
khen buying a part from a vendor or subcontractor, what are the
differences in requirements for commercial and military parts that
cause the price differential?

2. How much difference, percentage wise, is the price?

1 A0 A, A St 6 ) o oyt it P el

gl

3. What is your estimate on the portion of the price of a commercial
part that is due to warranty program?

4. When Boeing releases a specification for bid, does competition provide
a bid that is realistic or do we require a price breakdown? Have we
made our own estimate of the approximate cost? Who in Boeing decides?

5. With the addition specifications, do military parts have a greater
acceptance rate? How much?

6. What reasons do suppliers give when they decline or resist bidding
on parts for military programs?

7. Are there differences in the amount and form of test and acceptance
data generated by a supplier for a military product? If so, what?

. 0 ot 60 e e 0 Dt s ot D T e B

8. Is the effort (number of people) greater for the Boeing Material
department for a military or commercial program «ssuming an equal
end product? If so, why?
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11.

17 Septrember 1974 ATTACHMENT 11
2-5000-M/C-006 Page 2

SPECIFIC (continued)

There are indications that the government may he changing or waiving
some procurement regulations in the case of derivatives. What ASPRs,
etc. could be changed or waived that would help contractors procure
parts at a lower price without affecting quality?

Tre nearly unanimous comment, that there is considerable lost time on
military programs while waiting for a decision from the customer,

would indicate this results in higher prices. What is your experience?
If so, how does this increase the price?

Another comment suggested the government evaluate each company in the
industry periodically tc determine those who are qualified from the
management and facility standpoint and thus eliminate a lot of boiler-
plate during proposals. Do you agree? Please comment on this approach.

If this policy were established and the government set up a central
procurement data bank, what kinds of information do you believe should
be included?
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18 September 1974
2-5000-M/C-007 ATTACHMENT 11

SPECIFIC

1. Product Assurance {PA) is a part of both commerciai and military
airplane programs. What are the differences in PA assignments,
workloads, and completeness of job?

What methods are uted to compare the results of the PA efforts?
Can you give examples?

2. Is the necessary data available to support PA activities in each
type program? If not, what kind of information is needed?

3. For a military program, do the additional requirements, and the
manpower to implement these requirements, result in lower support
costs and/or a better airplane for the customer as compared to a
commercial program with considerably less ¢f this kind of effort
during the design phase?

What is your estimate of the manpower cost difference fer this effort
between commercial and military progranms?

158




T y .
A G R

bl
A

L

il
A

AT

i
A

har o 0w

Wy e

T

18 September 1974

2-5000-M/C-008 ATTACHMENT 11
SPECIFIC
1. For a military program does the additional maintainability/maintenance

requirements, and the manpower to implement them, result in Tower
support costs and/or a better airplane for the customer as compared to
a commercial program with considerably less of this kind of effort

during the design phase?

Yhat is your estimate of the manpower cost difference for this effort
between military and commercial programs?

Can the commercial basic maintenance philosophy of fewer inspections
and requirements and no-overhaul/fix-wien-failed be realistically ex-
tended to the military environment, assuming similar utilization?
Assuming lower utilization with a high readiness posture? Why, in each

case?

What differences are there in the support provided to the customers or
to our field service engineers in military and commercial programs?

What ic the ratic of quantity of spares ordered by commercial and
military customers (base your answer on percentage of airplane price)?

What are the differences in spares provisioning, stockage, usage and
control?

Do the maintenance manuals provide adequate and pertinent information in
the usable form to the mechanics of both types of customers?
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18 September 1974 ATTACHMENT 11
2-5000-M/C-008 Page 2

SPECIFIC (continued)

6. Would the use of microfilm publications as is common with commercial
customers, work in the current military environment? If not, what
changes would be required?

7. Do you have data on the savings to the commercial custcmer when the
manuals were changed from hard copy to microfilm?

8. Would the current commercial practice, that of obtaining engineei‘ing
drawings and making or subcontracting peculiar ground support equipment,
result in the same cost-effectiveness and quality for the military as
it did for commercial programs? If not, why?
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12 September 1974

2-5000-M/C-009 ATTACHMENT 11
SPECIFIC
1. Assuming derivative programs and the training of experienced

personnci, do the additional requirements, and the manpower to
implement these requirements, result in better trained people
as compared with simiiar students cn a commercial program?

If the answer is no, is data available for which a cost comparison
could be established? Is there a difference in cost to implement
an equal level of training? xhy?

Are there things being accomplishcd on commerciz) training programs
that would bene‘ it the military either in betier training or less
expensive training that could be adapted to the military programs
or derivative programs?

Piease Tist with the advantages.
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RITACHMENT 1]

1. would the ase of microfils, a+ is comon =ith ¢ mr’xa! custcoers,
work in the curreni =ilitary eavironment? If not, wh2t changes would
be requirsd?

§ i I

30 you have 4ii2 on the savings to the (omme cial customer when the
cherge fro= hard <Opy manuals to microfils was made?
2. TFor 2 military prograz=, do the additional require=ent:. and the mnan-
power 10 ispiement thes, result in better =zenuals for the customer as
< red o 2 ceepercial progran with considerably less of this kind
of offort during the planning and preparation phases?
Is thare a difference in manpower Cost between co.xwercial and silitary
orogracss?  If 50 what are the primary reasons. (an you identify
soecific rea;siraaents causing this difference?
. 3. Ihe nearly umanizous m:. that there 15 considerathie lost tioe o g
silrtary nrograns while waiting for a dacision from the custoser,
- would indicate this results in higher costs. hat is your experience?
s - If positive, how does this increase the cost?
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APPENDIX E

DESIGN CRITERIA
MILITARY VS CIVIL
197G STUDY

)
i

s
i 11 Bt w0 e A

5

}
i

e e

o4

P < it

Ltk

0 Rt e S G A el

b i, yrlmg, b B

ot Lt 2 b L

aors e ke 2l AT A LYt P e gy A AR o g oA e gy R e n b o

=
i
5
=
]
[
=
b
=
33?
z
Z
-5

i

M“*




bt b 7 . 0
E58 'yt Pk G i Sl a5 s 5

sl s SRR e B Lo e e b eSS

MILITARY VS. CIVIL CRITERIA

Military missions like Tanker, Airborne Command Post, and others have a high degree
of similarity to the airline use, and military procurement of commercially certi-
ficated airframes provides benefits to the military which are unavailable through
other wethods of procurement.

¢ Protection against cost overruns--fixed price,

e Commercial market competition provides a more efficient airframe proven
in commercial operation. 1t provides additional incentive to remain cost
and performance competitive by applying engineering judgment and an
“acceptable risk" philosophy based on past experience to eliminate or reduce
design and test ~riteria which may be considered to be too conservative

ok

when viewed aga: t actual air--aft usaye.

¢ Nonrecurring costs associated with original development and product
improvemeni are shared by a broader base provided unnecessary Mil Spec

compliance is eliminated.

We have taken a brief wholesale look at over 400 Mil Specs for a first in-house
cut at what their impact on the 747 might be.

The impact appears to be anywhere from $10M to $150M+ of nonrecurring, depending
upon the cost effectiveness of the Mil Spec decision process.

Although a wide variety of differences exist between Boeing commercial practice
and military spec practice, they do have common objectives like:

o Safety
o Increased efficiency

¢ Enhancing utility
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The differences tend to reduce to worst case conditions versus margin over average
experience like examples in Attachmant 1 listed below.

Electronic Component Environment Comparison
Fatigue Test Comparison

. Structural Tests Comparison

Design Load Comparison

Corrosion Protecticn Comparison

- ® Q O T w»

Engine Comparison

Resolution of Mil Spec problems requires a broad review of 717 design against

it e 4,

military specification of interest by Eoeing and USAF, Top level pclicy guidelines
are required to insure that this review and the decision-making associated with it

concern themselves with the cost effectiveness of invoking military specification
requirements on a design which is developed and proven to commercial standards and

backed by over 20,000,000 flight hours of airline operation. The acceptance of
contractor warranties and contractor maintenance should be consiiered wherever
possible to avoid the added costs of Mil Spec compliance. Attachment 11 is taken
from the Aero-Med RFP and represents an example which should be considered in future
RFPs to further insure the advantages available to the government through rocure-

ment of commercial airplanes.
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ATTACHMENT 1
MILITARY SPECIFICATION EXAMPLES

ENVIRONMENTAL QUALIFICATION COMFARISON
Typical of the environmental quelification testing differences is shown by i

the temperature/altitude envelove and the vibration envelope used for qualify-

WSt gt

ing electronic equipment attached. The military standard is aimed at qualifying
equipment for multi-use. The Boeing temperature/altitude criteria takes

w2 a0

advantage of the fact that most equipment is located in the pressurized

& 03t il

compartment and need not be qualified for the entire envelope for USAF Class

T

I equiprent., The Boeging vibration criteria recognizes tre difference in

vibration level associated with various areas of the airframe rather than
qualifying all equipment to a standard level described by the military
requirement, Similar differences exist in the qualification test areas of
humidity, sand and dust, salt atmosphere, corrosion, fungus and electromagnetic
interference,

FATIGUE TEST REQUIREMENTS COMPARISON

(1) Cyclic Testing
The USAF requires verification of predicted 1ife through full scale
cyclic testing of two complete airframes or sufficient structural compon-
ents to ensure adequate test coverage. Boeing tests only one complete
airframe, and numerous details and minor components. The extent of Boeing
fatigue testing falls short of the letter of USAF requirements. The
allowable deviation would be determined by discussions between Boeing and
USAF.

(2) Fatigue Loading
The USAF requires a higher number of high sink speed landing than does
Boeing.

In general, military aircraft lend at slightly higher sink speeds as
witnessed by daylignt/good weather data. However, utilizing Safe-Life
fatigue criteria, the 747 landing gear is designed for more than twice
as many landings as that required by the military for heavy cargo type
aircraft (24,600 landings versus 12,000 landings).
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VIBRATION REQUIREMENIS COMPARISON
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(3)

Fatique Design Philcsophy

Military--Safe-Life concept for all structure.
Minimum scatter factor = 4.0

Boeing-~Fail-Safe concept for all structure which has dual load paths
and safe-load concept for all other primary structure. Minimum
scatter factor for the 747 is 2.04 for the Fail-Safe concept and
4.08 for the Safe-Life concept.

The 747 fatigue integrity program parallels fatigue and fail-sate
aspects of the Air Force Structural Integrity Program (Technical Report
ASD-TR-66-57) while not required for civil aircraft certification, 3 duz}
path fail-safe - safe-life apprecach to structural! integrity has been
followed. The objectives, work phases, tachnical data flow between work
phases and many detailed criteria (where appropriate for civil aircraft)
are identical to those specified in the Air Force Structural Integrity
Program. The transition from this civil airplane program to a3 military
version would involve minimai detail criteria change and would take
maximum advantage of past aircraft experience (such as 377. B-47, B-52,
707, KC-135, 727 and 737).

Since the design 1life of the 747 is 60,00 (30000 x 2) hours versus
120,0C0 (30000 x 4) hours for the USAF heavy cargo type aircraft, the 747
would most probably satisfy the military requirements without any
structural modifications. The Boeing commercial primary structure life
guarantee is ten years or 30,000 hours.

(c) STRUCTURAL TEST REQUIREMENTS CGMPARISOM

(1)

Flight Vibration Tests

The USAF requires a complete vibration survey of the airframe. The
extent of the survey carried out by Boeing depends or how similar a new
configuration is to previous airplanes, and the extent of any problems
on previous similar configurations.
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An entirely new configuration {e.g., SST) would probably receive a survey
that would meet USAF requirements,

(2) Ground Static Tests

The USAF requires at least one airframe to be tested to 100% of design
ultimate load for all critical conditions. Failing load tests are to be
conducted for each major component (wing, fuselage, and tail surface).
Boeing satisfies the design ultimate load testing but does not conduct
failure tests of the tail surfaces. The USAF requires that prassurized
cabins be tested to 2.0 times normal operating pressure whereas Boeing
1imits pressure testing to approximately 1.5 times maximum operating
pressure.

Boeing has a great deal of confidence in the analytical techniques used
for design, and the manufacturing methods which are utilized. which are
similar to past commercial configurations and proven in airline use.

A substantially new configuration in terms of shape, materials or
production methods would receive closer scrutiny and possibly a more
elaborate test. Multiple failures are required to subject the pressurized
cabin to 1.5 tjmes max operating pressure although the cabin is designed
for 2.0 times normal operating pressure.

(3) Sonic Tests

USAF requirements include sound pressure surveys, component testing in
test cells and a proof/demonstration ground test using the most severe
conditions. The Boeing sonic loads analysis is based on experience with
airplanes ~f similar construction and sample representative structural
panels are tested to appropriate (high) noise levels.

Here again, a new configuration, new materials, new construction techni-
ques or a new noise environment would require more elaborate procedures
more like the military requirements.
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(d)

DESIGN LOADS REQUIREMENTS COMPARISON (TYPICAL)

Condition Requirements
Ro11 Maneuver and Military - 2.0 G
Pull-out Factors Boeing - 1.67 G
Result of difference - redesign of part

of wing
Both the 2.0G and the 1.67 G factors are somewhat arbitrary; however,
the Boeing design factor has proven to be satisfactory in airline use.
The miiitary requirement may have been influenced by another category of
airplane and carried over into transport category for consistency.

Lateral Gust Military vs. Boeing - 15% increase in
magnitude of lateral
gust for fin and aft
body.

Result of difference - redesign of fin
and aft body.

FAA rules allow the use of a gust alleviation factor for both vertical
and lateral gusts, whereas military rules allow the use of an alleviation
factor for vertical gqusts only. The Air Force permits the use of a
random gust analysis as an alternative to the discreet analysis.

Limit Flap Speeds Military = 1.75 VSTALL flaps up at max takeoff
weight for all flap settings.
Boeing = 1.6 VSTALL flaps up at max takeoff
weight for takeoff flap setting.
= ]'SVSTALL flaps in landing configura-
tion at maximum landing weight for
landing flap setting.
Result of the difference - 50% increase in flap
design loads.
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The 747 is equipped with an automatic flap retraction system based
on air speed which permits the use of the lower design loads. It is
understnod that this requiremen: is under study by the military.

Condition Requirement
Engine Qut Condition Military = resulting load iateral gust

Boeing = resulting load

Result of difference - increase in fin
load and extensive redesign

The combination required by the military is virtually a double failure
condition and would be treated as such by Boeing. The probability

e

of an engine failure in cruise flight is remote and the chance of §
ever incurring a design gust at the most critical combination of %
speed, altitude, gross weight, fuel and payload conditions is extremely %
remote. E
2 pt. Braked Roll and Military = drag reaction = .8 vert. react. 3
=

3 pt. Braked Roll Boeing = less of .8 vert. react. or i
max braking capability. f%

3

|

Drag reactions in excess of those which can be producted by the brakes ‘g
appear impractical since other design conditions {(e.g., spin-up and %
spring-back) are considered separately as design conditions to assure §

adequate strength.

i

CORROSION PROTECTION REQUIREMENTS COMPARISOM {TYPICAL)

Primer

The general corrosion protection ccating required per Mil-F-7179 is

zinc chromate primer per MIL-P-85385. The corrosion protective coating used
hy Boeing 1s an epoxy primer per 8MS I1U-11. The performance requirements
in BMS 10-11 meet or exceed all those in the ¥il-Spec, but the BKS 10-11
materials do not conform to the specified ingredients required by the

1S 10-11 materials have proven

e s 0 s A e A

Mil-Spec. In actual comparative tests, B
to be superior in chemical resistance and corrosion resistance. Compli-

ance with the requirement to use Mil-Spec {zinc cnrarate) prirer on all
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parts would be costly and complicated in the manufacturing operation.

The change would require part number changes of drawings to change

finish on all parts, separate planning and purchase orders, separate
processing of the parts. BHS 10-11 is resistant to Skydroi (which is fire
resistant), whereas zinc chromate primer is not. Since the Air Force has
standardized on zinc chromate primer, and therefore stocks this material
in maintenance and overhaul depots, it is an advantage to them to use zinc
chromate primer for maintencnce. Zinc chromate will adhere to BMS 10-11
primer, and therefore may be used to touch up or rework parts if the Air
Force so desires.

Ancdizing
Alurminun specifications now require sulfuric acid anodizing per MIL-A-8625
Type II on 211 alloys containing over 7.5% alloying components, rather than

chromic acid anodizing (Type 1). These alloys primarily invoived are the
7000 series. The requireme . is based on the belief that corrosion resist-

ance requirements are not met by the chromic-anodic coatinas on these alloys.

Current processes used by Boeing for chromic-anodic coatings do meet and, in
fact, far exceed the corrosion resistance requirements of MIL-A-8625A.

The wing skins are chrowic acid anodized and, in addition, are painted for
corrcsion protection. We do not believe that complying would produce
satisfactory pérts because of the known reduction in fatigue life caused

by sulfuric acid anodizing.

Fastener Installation

MIL-F-7179 requires that all fasteners in exterior locations be installed
with wet primer. The 747 does not require wet primer for fastener
installation except in the case of dissimilar metals. The fastening of
stiffeners and skins is done almost entirely by drivmatic automatic
riveting devices. These are not currently designed or equipped to handle
wet primer on fasteners or in holes. To comply with this requirement would
require revisions in manufacturing schedules and procedures and equipment.
¥e are continually evaluating product imorovement changes in this area
which would be attractive to ocur commercial customers as well as military.
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Faying Surfaces Sealing

MIL-F-7779 requires that all non-bonded exterior faying surfaces have a
sealant applied inbetween the surfaces. This is not a requirement for
the 747. Most faying surfaces in the fuselage exterior are either bonded
or sealed. However, wing and empennage exterior faying surfaces,
including spar cavities, would require changing to comply. We are
continually evaluating product improvement changes in this area which
would be attractive to our commercial customers as well as military.

(f

Ly

ENGINE-POTENTIAL COMPLIANCE PROBLEM AREAS

Pratt & Whitney estimates the potential engine problem to be $30M. The
areas where this money would be spent are listed below. More detailed
work is required by Pratt & Whitney and the Air Force to determine what
engine changes, if any, would be cost effective for the military.
However, the commercial engine design and test criteria has proven to
be satisfactory by over 20,000,000 flight hours of airline operation.

May require new component test facilities to accommodate additional testing.
Emergency and alternate fuels qualification.

High and low temperature starting and acceleration testing.
More severe anti-icing.

Atmospheric water ingestion.

Corrosion resistance.

More severe sand ingestion.

Infrared characteristics.

High temperature engine ratings requiring =odel gualification testing.

Electrical susceptibility demonstration.

e e

Be W meaw

Gearbox endurance demonstrations with military accessories.

Engine valve contaminated air tests.

Electrical explosion proof demonstrations.
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Engine and accessories environmental demonstrations, including
aging and compatibility with high and Tow temperature.

fungqus, humidity,

Impact and vibration demonstration tests.

Manual changes.
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ATTACGHMEXNT 2

EXCERPT FRO# STRCMEDICAL RFP

1.1.4 Design Philosophy. The chjective of the Air force is to acquire a Federal
Aviation Agency certified aircraft with cnly those changes absolutely necessary
to make its use practical for the aeromedical evacuation sission. The aircraf:

shall meet civil airworthiness standards of FA%25, CAR &b, or equivalent. This
approach has been taken to preclude basic deveiopment costs and long leadtimes as
well a5 to provide the earliest pussible Cperational Capability Date.

1.1.5 Pesponding to the work Statement.

identified with FAR2S, (AR b,

§1.1.5.1 The requirexents of the work state=ent are
shall be the bidder's responsi-

Military Specification or eguivalent standards. [¢
bility to show how well he =eets or exceeds these reguirements. Specia! verificz-
tion test efforts will be exa=zired.

1.1.6 Detail Specificat:on. A Detail Specification for the :ircraft for use in
event of contract should be prepared in confor=ance with attached MIL-STG-832

dated 3 June 1963 and should be included as a part of proposal data. The li_ting
of applicable documents should include a listing of CARy, FARs and other standards,

including all a=end=ents, special regulationc, special conditicens, cptiocnal reguire-
ments, exespiions fro= co=pliance, which are the basis of FAA certification. The
listing of appiicable docu=ents should 2lsc include a Tisting of coompany specifice-
tions and standards and those lisited =ilitary reguire=ents which are applicable.
A1l deviations from these reguirecents shoyid be included in the Appencix to the
detai: specification. Performance cited in the specification shall be titled
*Aircraft Performance,” in lieu of the three neadings titled "Aircraft,™ “Guaranteed™
and "Additionzl,” and shall be that performance which Contractor will guarantes

in event of contract.
1.2 PROCUREMENT CONSEPT. The oovern=ent plans 16 contract on 2 Muiti-Year concept
for an aercmedical evacuation aircraft on 2 FY basis with 2 quantity of four each

specified for FY-67, and a quantity of four each specifiec for FY-65, with options
as set forth

to procure an additional quantity of 15 and 150 aircrafi respectively,

in the =odsl centract.
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1.2.1 Notwithstanding the requirements for equipment, performance, maintainability,

reliability, etc., that may be expressed in subsequent sections of this RFP, it

is the desire of the U. S. Air Force to take full advantage of the “"off-the-shelf"
status of your existing system. While the Technical and Operational Sections of
the P reflect a desirable configuration of a system that would fulfill the

-+ irements Action Directive for an Aeromedical Evacuation Support System, it is
-~ Jgnized that, in some instances, full compliance may be difficult or impossibie
without substantial redesign. It is neither intended nor desired that the bidder
enter into substantial redesign effort in order to completely comply with the
requirements of this RFP, In those areas where compliance would cause development
effort, extra cost and/or create more schedule risk, the bidder is encouraged to:

a. Maintain present "off-the-shelf" desiyn and describe the degree to
which this design does not comply witn the requirements set forth
in this RFP and/or

b. Propose an alternate approach to sensibly and economically satisfy t «
requirements.
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747 MAINTAINABILITY PROGRAM
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747 MAINTAINABILITY PROGRAM (by W. K. McKibben)

The Boeing 747 marked a new phase in the development of a commercial transport
airplane. In addition to designing to meet the customary requirements of safety
and performance, the airlines prescribed an unprecedented emphasis on maintainability

The three primary objectives of the 747 Maintainability Program were to minimize the
length and number of airplane delays, reduce scheduled maintenance requirements, and
reduce maintenance costs., With the authority of Boeing corporate policy, a six-
point program plan was developed to achieve the desired objectives and implemented
with the earliest design activities:

1. Education of d2signers and subcontractors on the principles and objectives

.
*
<
3
2

of maintainability. Designers were supplied with a Maintainability
Design Guide document, based primarily on experience. In addition, they
were given educational information on airline maintenance practices and

bbb o,

scheduling., Also provided were summary reports of historical and current
maintainability data by system as well as special studies of components
and systems as required. New hire designers were given special classroom

Bt bh g

[T

training in maintainability principles.

Ao PR AT o

2. Emphasis on maintenance significaut items (MSI's). Maintainability
engineers directed the attentior of the designers to those components
(MSI's) which had been costing the airlines the most in delays and
maintenance dollars. Approximately 375 MSI's were identified and sub- 2
jected to detailed maintainability studies. Identification was based
on high initial cost, high maintenance cost, high premature removal rate,
high dispatch delay rate, and high severity index. ({Severity index is a
rating for a component or system that accounts for the number, type, and i
frequency of interruptions in scheduled flight departures, as well as
the length of delays, charceable to that component or system.) Detailed
maintainability studies resulted in recommendations which included time

T A R

goals for component removal and replacement. From this a design mainte-
nance plan was developed and agreed to by both the maintainability engineer 3
and the designer.
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Surveillance of engineering drawings and vendor proposals. Service~
oriented maintainability engineers, with a broad background in maintenance
practices, ware placed within the design project from the beginning of the
747 design. This permitted them to support the project on specific
maintainability problems, review layouts and drawings for good maintain-
ability, conduct trade studies and participate in design reviews. Also,

the tasks of the maintainability engineer included placing appropriate
maintainability design requirements into specification control documents,
advising Ground Support Equipment and Spares of new requirements and
evaluating suppliers proposals and past maintainability performance.

Review of components fer optimum type of maintenance control. MSI's were

reviewed and information was supplied to the inter-airline working groups
to 1id in determining the best type of maintenance control. This will
be discussed iater.

Verification of 747 maintainability. This was accomplished by actively

participating in mock-up reviews, first article inspections and the flight
test program. In addition, time and task studies were performed as
required.

Documentation. The various analyses and studies conducted throughout *he

747 design and testing phases have been documented to support the airlines,
to provide a record of maintainability accemplishments and to support
future programs.

At Boeing, the désigner has total responsibility for a successful design. Therefore,
during the layout and design phases the maintainability engineer devotes the
majority of his activity to points one, two and three previously mentioned, i.e.,
contributing to the designer's maintainability education emphasizing the maintenance
significant items, and providing design surveillance.

Al though airlines have differing maintenance approaches depending on variables such
as route structure, schedules, utilization, and station locations, a working alliance
was formed through the establishment of 747 Boeiny/interairline maintainability groups.
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A steering group provided general guidance for nine system-oriented working groups
that included hydraulics, structures, landing gear, flight controls, power plant,
pneumatics, electrical, avionics and furnishings. Membership censisted of repre-
sentatives from foreign and domestic airlines, Boeing, Pratt and Whitney, and the
FAAR, Boeing's representatives, maintainability specialists, were assigned to
supply technical data and consultation and to perform an important 1iaison function
between the airlines and Boeing.

The ultimate objective of the inter-airline maintainability groups was to develop
and submit (to the FAA Maintenance Review Board) a maintenance plan that eliminated
unnecessary maintenance, A brief description of the philosophy used follows:

For systems, which includes everyining except airframe structure, the 375 maintenance
significant items were analyzed for the optimum type of maintenance control. This
was done for each item through the use of logic diagrams. These diagrams were a
useful tool that hLelped determine whether an item should receive some kind of
scheduled periodic maintenance check or inspection based on either operating safety
of the airplane or airline economics. Of the 375 items analyzed, only two were
recommended for hard time overhaul and the remainder were recommended for either
on-condition or condition monitoring. Condition monitoring is a statistical typre
control similar to the reliability control permitted by FAA Advisory Circular

120-17.

A new approach was also used for structure. Boeing identified the most stress-
sensitive areas of the airplane and analyzed these items (approximately 350) for
their resistance to fatigue, corrosion, stress corrosion, crack propogation as
well as the degree of redundancy and fatigue test rating. From this analysis a
rating number was determined which, when modified by the probability of detecting
a problem externally, was used as a basis for inspection recommendations. It was
recommended that internal structural items be inspected on a sampling basis with
the sampling percentage based on the rating nuwber determined by analysis. One
hundred percent periolic external inspections were recommended with the frequency

also based on the rating number,
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One ivvortant factor that justifies low percentage sampling is the creation of a
cent-al data bank by Boeing. This data bank will summarize inspection findings
submitted by the operators, thus using total fleet experience as a broad base for
determining any need for modifying inspection intervals or the need for special
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inspections.

Through the efforts of Boeing and the maintainability steering and working groups,

e T

i

_E? the resultant FAA-approved maintenance program, which sets a pattern that undoubtedly :
;% will be followed for many years, allows the airlines to benefit from the full ;
P capabilities of the 747, !
é% In addition to the foregoing, many innovative maintainability and reliability %
. features were incorporated which contribute to through-flight, turnaround and %

overnight service. No attempt will be made in this brief story to describe the
designs which: imprcved ease of access, expanded the use of built-in test equipment

or enhanced dispatch capability.

Certainly, the results of an advanced maintenance program plus the improvements
made possible by the largest maintainability and reliability effort in Boeing's
commercial aviation history have contributed significantly to lower mzintenance
costs and enhance the profit making potential of the 747, H
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APPENDIX G
EVALUATION OF MILITARY VS COMMERCIAL PRACTICES
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GENERAL

Analyses of the answers to the questionneires, which were sent companv-wide in all
rhases of airplane acquisition and productior, show that basically *the differencc
between commercial and military prcgrams is a people problem in that more pecple
are involved from the military customer side which naturally leads to a similar
number of Boeing counterparts and to more correspondence, i.e., studies, reports,
meetings, telephone calls, trips, visits, documents, specifications, etc. The
results of the questionnaire alsc indicated little difference in engineering
design, testing and quality of product. This would mean the government could

save time (which is woney) by adjusting the degree to which people are involved

on a direct interface. Wwith the above in mind, answers to the following questions
are requested.

1. what area of your responsibility is more heavily affected? (i.e., planning,
managing, scheduling, accounting, testing)

Answer - All areas are heavily affected, however, managinj would be first
with planning, scheduling, accounting and testing to follow, in that order.
The major areas of detail involved in all of the above are the documentation
and coordination necessary toc meet HMilitary Contract Requirements of ASPR,
covernment Source Inspection (GSIj, Air Force Contract Approvals (ACO) and
Coordination, Contractor Surveillarnce Reviews of 'dateriel Practices, air
Force Procurement Audits, Production Readiness Reviews [PRR), Support to
Finance on DCAA Audits, etc.

Procurement of hardware, unique to AWALS, Peace Station, T-43A, etc., must
be to full covernment "ASPR" and other reguirements, vet similar hardware is
purchased to commercial reguirements. The difference in the parts may be
cnly in the "C" ring seals, as in the case of hydraulic parts.

In a manner similar to commerc:iai, follow-on programs have "Iimited Go-ahead"
with restrictions for procurement of long-lead materials. The basic differ-
nce is the flow time or timing invelved with military requiring continual
review and authorizati.n of funding extensions and arprovals covering short
me pericds, requiring almost censtant control of a supplier's spending to 2
mit of liakility curve.

(o]

2. Are there particular mili‘ary specificaticns or standaris which can be
pinpointed as the causes?

pot

Answer - The basic Government Prime Contract i3 the start of resir:ctiens,
which are covered in the General Provisions and .tner special Terms a
Conditions, which must be "Flowed-Down" o the supplier i.: cur Reguest for
'wotation (RFE) and in the final Purchase Order Documents, as evidence y
orms X20536 and X20388 for "AWACS" and Form D1-4100-405C for “"Peace Sta-ior.
. the T-43a Pregrzam had a third set of notes, veculiar to that contr
Wwe find that each Government Coniract has different Terms and Cond
iring the buyers to work to different sets of rules for similar par
he same <supplier.
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Answer - {continued;

In addition to the abcve, we must procure parts simllar to cormercial items,
but using militaryv specificat

additional inventcry stocks ané thelr control. These inc 1 de al

of parts, i.e., electrical, electronics, wire, connectors, c‘Vﬂu'f

flight avionics, hydraulics, fuel systems, e which may

standards, purchased eguipment and outside pro i

value.

Some specific items creating high costs are:

Boeing Dccument DI 3 onment {AWRCS).
CCP 131 Froposax wi i

and ;ommefvﬁa

ents

Numercas Mili
tion Contreo
Electrical
Svstem or
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to anlswer in a shorc
vated tc the Bouin
few exampies

‘C uOCLren;s
and
of JANTX (~1-?
increase in zos
cormercial parts
was from $£2,800
pu*chase minimem

)

Program a
Power Ge

DOTLE Contract

() L2
SR I VARV I I )

gualification
military rel

Military S“éL
causing aro

Have you Jata or is data aveil
consequently, rnmen
{iight time,

were changed?
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Answer {continued)

{a: “"Truth in Negotiation: (P.L. 87-653) O.P. &-5500-402 (ASPR 3-807.3).

{b) sSpecial Tooling - ASPR 13-704.

{c) Special Test Equipment ASPR 13-1Gl.6€.

(4} Use of Government Facilities (ASPR 13-403 and 13-502.2), O.P. 6-5500-405.

{e; Ecual COpportunity Employment {Executive QOrder 11246) - on contracts
expected tc exceed $1,000,000, specific supplier approval must be
obtained from the Air Force Contracting CGfficer (ACO) prior to avard.

() Government Inspection Coordination (3SI1).

(g) Use of Government Form DD250 on all Spares dicect shipreé to Air Force
Depcts. (No errors allowed.)

Othar items include:

{h) If gcovernment would allow a greater degree of commercial practices in
procurement, savings would result in many areas of overhead costs.

(1) f technical orders can be changed from the applicable military specifi-
cation to ATA specification #1080, it is estimated that the total data
cost to AWACS would have been reduced approximately $4.4 million dcllars.
(Some could still be saved.)

(j) See 2(a) above for reduction in cost, if commercial electrical/electronics
parts could be used in place of "JANTX." ©Note, this applies to new
items on AWACS and is not applicable tc existing common equipment used
on the 707 AWACS airplane. So they are not consistent. (Many cf the
cormercial parvs have millions of hours of use in commercial aircraft;
however, the nilitary wil. ot accept commercial experience to support
military MIBF calculations and dezign.)

I1f assigned toc supperting, or with first-sand knowledge of a derivative
prograr, is there anything specific you are Joing cn vour program which is
better or worse than that done or being done ¢:. a similar program, i.e.,
T-43A vs. AWACS vs. AABNCP vs. KC-135 vs. Air Force One vs. NACA Shuttle vs.
Peace Station vs. YC-147?

Answer - Many of the Materiel Buyers have worked Military Programs from B-17
to ncew and have seen cihanges, which increased costs to Boeing in the areas of
overhecad expense, sc we can corply with contract Terms and Conditions. Cne
recent example is the new "Cost accounting Standards,” as set forth in

ASPR 7-104-83, which is not applicable tc "AWACS,” but is applicable to
"Peace Station" and will appear in any new contracts. This requirepent will
cause many changes ir the Beeing Acccunting System and cur Hanagement
Controls. The clause must be “"Flowed-Down™ to zl] suppliers and may reguire
added effort on our part tc assure sun; liers are in accord and that their

accounting systems are approved by the anvarnment.
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Can yocu name specific technical requirerments that need to be reviced, in
part or in whole, which would result in reducing contract costs without
reducticn in quality? This could include deletion, updating, revision or
rewriting by leosening or tightening tolerances, elimination of certain tests
(temperature, cduraticn, inssection), etc.

23
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Answer = Reference Paragraph 3 above; however, on a new program use of
1 ir lieu of round dials woulé@ save money.

, assuming the re ements are valid, are there hetter
If so, what speczf:cagicws and now?

"
©
1
(%]
®
el

e aragra::h #3 above; however, cthers probably do exist,
but wouid require assistance from Encincering to research.

nvestigations, histories, presenia-

o you know of exahtlv* trade studies, i
ich may be available t¢ research for further

tih;s ur veports and b

u‘
¥
o5
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x
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Maswer — Believe trade studies were made by Engineering on round dial
indicaters vs. vertical scale. Tais data should be available in the AWACS
Engineering ¥roject Group.

The initial gquestionnaire answers indiczte the price of a rt for a military
q

program is more than a similar pirt for commercial programs. when buying a

part from a vendor or subcontractor, what are the d*ffereﬁces in reguiremen

for co::ercxal nd military parts that cause the price differential?

Answer - (a} Small guantity buys, with greater {ualification Testing, Quaiity
Control Inspection {Boeinc and Governzment) and Prosuction Verification
Testing Feguirements.

{h) Milit.ry Prccurement carries a greater risk of cancellation.

(¢} S=ali guantity buvs, spread over longer delivery pericds, causing
probless of shop load, causing high cash flow a‘ start, with slow return
of investment.

(a8) Spares potential very low and at very reduced pricing when cc—pared to
cem=mercial programs.

{e} Increase cost of administration; i.e., Government Aaudits, reports,

[¥H
1)
HE
&
]
r*
P
2
4]
.
(1]
(2]
.

{f} "Hi-Fel" Tarss Control I'rogras (see General comments, Item 3210

1. Deiays caused in waiting for Covernment Source Inspectien {GSI)
I

to arrive and
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Answer (continued)
2. Air Force Reviews of capabilities:

i Production Readiness Reviews (PRR).

ii Progress Reviews - SPDR, SCDR and Monthly Status Reviews
of Progress vs. Milestones.

iii  Air Force visits to suppliers, with little, if any, advance
notice to buyer.

iiii Special Air Force surveillance of supplier's progress, e.q.,
Air Force Contract with Dynamics Research Corporation to
monitor and repost progress at Sundstrand and Westinghouse
on the Integrated Drive Generator (IDG) Program.

3. Paperwork required in preparation of cost data, Form D633 Cost
Breakdcwn, etc., in accordance with “Truth in Negotiations™ (Public
Law 87-653). This assists Boeing and Government tc negotiate lower
prices by identification and exclusion cf ASPR XV. Urallcwable costs,
with are usual costs attributed to doing business and are allowable

in commercial work.

{h) Special finish standards, sealants, corrosion protecticns, instrument
lighting (different than commercial) and cther requirements peculiar to

military.
How much difference, percentage-wige, in the price?

Answer - It is difficult to establish the difference, as many items are
peculiar to the program. However, a screen of buyving personnel indicates

it could run:

{a) 5 tc 108, due to srali guantities.

(b) 50 to 100% when "Hi-Rel™ parts control is regquired.

{c) 15% up due to special testing and verification requirements.

What is your estimate on the porticn of the price of a commercial part that
is due to warranty program?

Answer = Most suppliers add 2 -~ 5% for commercial warranty; however, this is
spread over a greater production guantity, with sellers knowledge that he
will sell spares at a fiqure higher than the production unit price sold to
Boeing, which is considered as a manufacturer's discount. (lomwon practice
in corme:cial field, but a0t alicwabie in military.)

when Beeing releases a specification for biZd, does competition nrovide a bigd
that is realistic or dc we reguire a price breakdown? Have we made cur own
estimate of the approximate cost? Who in Boeing decides?

Answer - Corporate policy and the Materiel Ruyers Guide reguire the use of
competition on 2ll purchases wherever possiblie. Military contracts, ASPR
and other contract reguirements, also reguire competition, as cempetition will
usuaily provide the lowest price paid for any given article. In all cases cf
competition, we reguire cost breakdown of the supplier's proposal and the
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4. aAanswer {continved}

buyer, with the assistance of Finance, will review the acceptable technica
prcposals on a cost or price analysis basis and may select other than the low
bidder, due to technical reascns. This woulé@ require possible field fact-
£inding trips to the suppliers, to review the adeguacy of their srorosals by
our Beeing avditcrs, with assistance f{ros the local M™ACO" to ccnduct “COCTAS™
reviews in areas where sellers will not reveal cosz data tc cother than govern-

-

ment agents (F.L. 87-653).

okt e

Materiel pewsonrel, with Firance assistance, prepare estimates based on audited

data, review it with manacement in Sgecific Frocurexment Poard Feviews ans then :

ccnduct negotiations with the suprlier. ({This is cormmon practice on commercial f

and military prccurements.) :
5. With the addition specifications, do military parts have a Greater acceptanc :

raze: How much?

answer - There is nc way to compare with commercial; however, buyers feel
the added sgecificaticn requirements in mi:
rate at suppliers and at Boeing durin
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6. Wwhat reasons do suppliers cive when they decline or resist tkidéing on parts
for military programs?

:

! Answer - (a) D¢ not wish to "tie up"™ engineering talent on such a smail z
: volume of business. They wisn to use such personnel in areas of greater §
: return, narmely commercial high precduction prograss with direct custorer sale of §
! spares, resulting in greater crofit pctential. g

w

not mancfacture similar parts and, due to small guantity, do not want

Fy— «—
tie up” eguipment.

(3}

&8

n we,

“ dpn

{c} TUrable to compete with suprlier now producing a similar part. {S=ail
quantity releases again.)

: {(d) Excessive parerwork covered by government procurements, i.e., added

. testing, reporting reguirerents, governnment audits in ali areas, deletion

of costs £ ASPR XV, etc.

(e} Tco much time taken for governmen: *o make Jdecisions with the knowleds
they may terminate fron pressures of outsiZe sources.

{f} Many proposals rever lead tc crders {exercise on ECP's, etcl) .,

{g} Too many schedule slides due te uncertain funding by Congress.

{&)} Too many ruies, reguiations, procedures, Terms and Jonditions, etc.,
which they must “flow-&cwn”™ *¢ their lower tier suppliers.




SPECIFIC {continued)

7. aAre thers differences in the a—ount and form of test and acceptance data
generazed by a supplier for a =military product? If so, what?

rnswer - Li erence in machine parts; heowever, in the case of

ourchase eguirs rens, nanely electrical/electronics, fuels and hydraulics,

wa have =uch : accegtance reguiremernts per military specifications, etc.

{Refexen IDG Systez D2045-13005 and its Statexent of wWork, D204-10668-1,

% 3 t test recuirezents and data requirements furing development
through the complete producticn progra=m.) (Data rewuirvements
two buyers working fuil time in Matreriel cn the ARXACS Progra=.}

-
<
s
X

ort {nu=ber of people) greater for the Sceing Zateriel Depar 34
tary or co—=ercial progra= assu=ing an egual end product? If s,

answer - Hateriel receires a greater nusher of personneil o handle the
military progra=s, nazely "AHACS"™ and “Paace Station,™ due te increaced
reguiresments for purchase oréer documentation, procurement audits by govern-
=ent personrel on a scheduled cuarterly basis and cther audits conducted by
{or recuested by) the Air Force Contracting Gfficer (ACO}, S=all Business
Ad=inistraticn, etc. £ lies to commercial prograns (i.e., any
order or cumxlative ozders to one suprl t one time, hich exceeds 5150000

t he process2é per Poblic Law 87-853. O.F. 6-5300-302, Special Tooling

1 Reguirements, Processing Soyaities, Data

note the Requrest for Cuotaticn (RFQ) ané Purchase Order Terms
w

tion ithin different goverrnment contracts vary, e.g., "ARATS™

Starion™ with eanugh basic differences to recuire special process—

- -

far each. 7his is not so with coomercial.

Y indications that the gsovernment may be changing ¢f waiving so=e
cyocuresent ragulations in the case of derivatives. What ASPRs, elc could
be changed or waived that would khelp contractors procure zaris at a lower
price without affecting guality?

naet ¥now of any areas
r, on ARNATS, Peace
as to ohtainins
I tes

s
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Frogran Materiel iIns
1ired on eacn Pri
lezents the 3ceing
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SPECIFIC (continued)

10.

The nearly unanimous comment, that there is considerable lost time on military
programs while waiting for a decision from the customer, would indicate this
results in higher prices. What is your experience? If so, how does this
increase the price?

Answer - Generally there is a lot of work that must be done during design,
development etc., on a new item ahead of contract award to protect schedule.
Suppliers have become cautions of entering a program that does not have full
"go-ahead." They prefer to spend their development dollars on a firm require-
ment with good volume potential. There are many areas where lost time has
caused Boeing to install parts out of sequence because the Air Force took
excessive time in approving ECP and/or VECP changes. One major example was
VECP 054, which changed from "VSCF" to "IDG," which was submitted to the

"Spo" in September 1972, and was not approved until July 1973, requiring
Boeing and suppliers to proceed in February 1973 on Boeing and supplier
capital (approximately $600,000) to protect the first airplane "roll-out"
schedule. This required out-of-sequence scheduling of all electronic components,
generators and constant speed drives at Boeing and Rohr.

There are other instances in the area of flight avionics where we held up
procurement of basic parts due to an ECP. Due to non-approval, we proceeded
with the basic items risking possible termination costs if the ECP was approved.
One major example here, was ECP 195, which involved Boeing and supplier
coordination and expense for about eight or nine months and then was dis-
approved by the air Force.

Due to this condition, we found, in general, the following areas of impact:
(a) Repeated requests to suppliers for gquotations.

(b) Request to extend quotations over longer period of time.

(c) Delays to final configuration decisions, which eliminates lead time.

(8) Causes costs of overtime and use of premium transportation to meet
schedules.

We are also experiencing "stretch out" of the AWACS 12 S/S Production Program, '
caused by delays in funding and uncertainties of whether 12 S/S or some lesser

quantity will be funded. (Many suppliers have concerns here as well.) The

recent schedule change for the 12 S/S Production will cause some price increases

and/or use of escalation clauses heretofore nct required. We also have some

suppliers who have refused to accept a long lead procurement release to cover

materials. They will only accept full production releases. These must be )
negotiated in a relatively short period of time, which is almost impossible if .
government field audits are required to support our cost and price analysis.
This impacts schedule or forces us to accept the supplier's proposal on a
firm basis to protect schedule.
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11, Another comment suggested the government evaluate each company in the industry

periodically to determine those who are qualified from the management and

racility standpoint and thus eliminate a lot of boilerplate during proposals.

Do you agree? Please comment on this approach.

Answer - Do not agree, This would require a data bank of such large propor-
tions, subject to imput from many areas of which we have no control or knowledg
of the competence. It would only tend to increase problems, not decrease them.

We would still be responsible for contract performance; therefore, we, the
Prime Contractor, must continue to exercise this responsibility for control
and source selection. This is not a difficult problem for Boeing, as we

already know more about supplier capabilities for different products relating

to our end product than anvone else does.

Question ~ If this policy were established and the government set up a
central procurement data bank, what kinds of information do you believe
should be insluded?

Answer -~ Many of us are against more government data banks and further, don't
see how this would help us in our business. Unless commercizl programs would
have access to the information, we would basically handle the same as in the

past. However, to be useful, the data bank would have to cover financial,

past experience, facilities, both brick and mortar, and machine tools, quality

performance, schedule performance, cost performance and others, broken down
to commodity type items or material. This type of program on a nation wide
basis would become very immense and very difficult to keep up-to-date.

The following is a summary of procedures, reporting, reviews and actions peculiar to

military contracting, which must be handled by Materiel personnel over and above
the normal commercial practices.

1. Truth and Negotiation Act (P.L. 87-653; O.P. 6-5500-402, Buyers Guide 3.6;
ASPR 3-807.,3}.

2, Administrative Contracting Officer (ACO) Advance Notification/Prior Review
and Consent of Purchase Orders under Government Prime Contracts. (O.P.
6-5500~500; Buyers Guide 4.6 and 9.2.)

3. Military Spares Procurement (Buyers Guide Section 2.6) and use of Government

Form DD250.

4. DMSpriority requalations and extension of program priority (different on
each program) (Reference Buyers Guide 8.2).

5. Quality Control review of all purchase orders with subsequent review by
Air Force Quality for assignment of "GSI" requirements (Buyers Guide 4.7.2
and 6.12).

6. New sources not listed in Boeing Supplier Code Document must receive the
consent of the cognizant Contracting Officer (ACO) regardless of contract
dollar amount (Buyers Guide Section 3.1, page 5).
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SPECIFIC (continued)

7. Small Business Program (Buyers Guide 3.2 and 3.12).

8. Subcontracting with sources in areas of labor surplus (Buyers Guide 3.3,
page 3).

9. Rent free use of government facilities (O.P., 6~5500-405, Buyers Guide 3.4
and 3.9).

10. Pater.ts and Royalties (Corporate Policy 4J; ASPR 9-110; Buyers Guide 4.9).

11. Equal Employment Opportunity (EEO). (ACO clearance on all orders over
$1,000,000.) Buyers Guide 4.10, ASPR 7-104-22 and 12-808.2 (a) (2), Depart-
ment of the Air Force letter 4/18/74 - Procurement System Approval.

Foreign Procurement (Buyers Guide 5.16, page 7).

Progress Payments (Must meet ASPR and Prime Contract Requirements, Reference
Buyers Guide 5.25).

Materiel Tool Control (Buyers Guide 6.2; Memo R5631-5-3414, dated 3/23/73;
AWACS Buyer Instructions; O.P. R8000-028 and ASPR 13-704).

Value Engineering requirements per prime contract (Buyers Guide 6.3.1 and
Form X20389).

Security and handling of classified information (both inplant and with
suppliers). (Reference Boeing Security Manual and Buyers Guide 7.0.)

Reporting of strikes/labor disputes (Buyers Guide 7.3).

Digest of Military Procurement Regulations ASPR, AFPI, APP, NPD (Reference
Buyers Guide 8.1).

Renegotiation Act of 1951 (Reference Buyers Guide 8.5).

Special Test Equipment (ASPR 13.101.5 and .6 and 7-104024).

Tax exemptions (based on prime contract).

AWACS DDT&E Program Materiel Instructions (list special procedures on AWACS) .
Cost/Schedule Control System Criteria (C/SCSC).

Limit of Government Obligation (LOGO), per prime contract.

"AWACS" Supplier Data Management Plan (D2-125821-1).

Special Terms and Conditions applicable to military procurements:

(a) Boeing Forms X20536 and X20388, applicable only to AWACS.

(b) Boeing Form D1-4100-4050 applicable to Peace Station and other
contracts.




SPECIFIC (continued)

(c) Buyers Guide, Section 9.3. Additional Terms and Conditions, special
note codes which may or may not apply to each purchase in addition to
standard notes used by commercial buyers.

1. Form AD 4044D-R7.

Notes: A0S, A21, A23, A24, B06, B23, B24, C0l, C02, C04, COS5
cog, c03%, DO1l, El4, E17, GOl1l, JO3, JO5, Q04, S05, sS06,
s07.

Special Terms and Conditions per Buyers Guide 9.3.1: AS9, A60,

A6l, A63, A76, A78, A93, A95, Aa96, B64, G59, HS59, J51, J52, J70,

$60, U6l, U62, U65.

27. Buyers must work with, and/or be aware of, specific program directives issued
by BCAC Military Program Management, for each specific prime contract.

(a) "AWACS" and “"Peace Station" Program Directives.
Tier 2 and Tier 2% "AWACS" Milestones reporting.
Handling of GFP/GFAE items (Peace Station and T-43).

Processing and support of schedule and cost of ECP and VECF
program changes (AWACS).

4. Special coordination i.e., follow-on programs etc.
(b) Work with and use "AC AWACS Engineering Instructions."
(c} Support engineering during Air Force "PDR" and "CDR" reviews.

(d) Work with and be aware of "IDWA" Statement of Work D204-10556-1
and changes directed by Program Management.

Support and coordinate Air Force reviews. Following reviews conducted in
1974 to date:

(a) February 26 - March 8, 1974, BRir Force Procurement Audit.
(b) June 25 - 26, 1974, AWACS Program Review.

(c) August 9 - 23, 1974, Subcontractor Surveillance by Subcontract Manage-
ment Division of Local AFPRO (conducted every quarter).

Production Readiness Reviews (per AFSC Regulation 34-2).
1. BAC and BCAC support September 16 - 26, 1974,

2. Reviews conducted in 1974 at major subcontractors (Rohr, P&W,
Sundstrand, Westinghouse).
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(e)

Support of special Air Force visits to suppliers for General Progress
Reviews (short notice of only a few days).

Support special Air Force Program Review Contracts. (Dynamics Research

Corporation, Boston, Mass. has direct Air Force Contract to study
progress of Integrated Drive Generators.)"
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INTRODUCTION

The success of either a military or a civil transport airplane is due in no

small measure to the Flight Test program. To develop the full potential of the
machine and to uncover any design deficiencies the flight tests must be rigorous
and comprehensive., Since there have been successful military and civil trans-

port airplanes, there must be a great similarity to the basic Flight Test
programs.

This document presents the results of a study conducted to determine if indeed,
a similarity does exist between Flight Test programs required to certify a civil
transport airplane and one required to demonstrate compliance with military
specifications. The study is based upon a comparison of the civil and military
flight test requirements in the following areas: Flying Qualitites, Propulsion,
Structures, Systems, and Flight Manuals. The applicable portions of the

Federal Aviation Regulations, Part 25, "Airworthiness Standards: Transport
Category Airplanes® and The Boeing Company precertification Flight Test require-
ments were used as the source for the civil requirements. The military require-
ments were obtained from the following specifications:

MIL-A-8870

MIL-T-5822C

MIL-F-25381

MIL-T-8207A

MiL-A-9482

MIL-F-8785 Flying Qualities o7 Piloted Airplanes

MIL-T-25920B {USAF) Test Groun¢ and Flight, Aircraft Gas
Turbines Propulsion Zystem Installation

MIL-S-5711 Structural Criteria, Pijoted Airplanes,
Structural Tests, Flight

MIL-A-8860 Airplane Strength and Rigidity, General
Specification For

MIL-A-8866 Airplane Strength and Rigidity - Reliable

Requirements, Repeated Loads, and Fatigue

Airplane Strength and Rigidity Vibration,
Flutter, and Divergence

Test Procedure for Aircraft Hydraulic and
Pneumatic Systems, General

Flight Testing, Electrical System, Piloted Air-
craft and Guided Missile, General Requirements for

(USAF) Test Procedure for Aircraft Pressurized
Compartment

Anti-Icing Equipment for Aircraft, Heated
Surface Type, General Specification For
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MIL-1-8700 (USAF) Installaticn and Test of Eiectronic
Equipment in Aircraft, General Specification For

MIL-E-6051 Electrical-Electronic System Compatibility
and Interference Control Requirements for
Aeronautical Weapons Systems, Associated
Subsystems and Aircraft

MIL-M-7700A Manuals: Flight

In order to more accurately identify the Flight Test requirements of both the
FAR Part 25 and the military specifications, the study is based upon a particu-
lar airplane, namely, the Model 737-i100. In addition to serving the above
purpose, the designation of the 737-100 also identifies The Boeing Company
document which contains precertification Flight Test requirements.

>
=4
z
o
- 4
<
@
w
-
<
x
r4
w
-
=4
@
=
w
o,
>
[
o
[+]
w
w
]
3

AR AU RSl T T L T S T P SO,

N TR SR




USE FOR TYPEWRITTEN MATERIAL ONLY

NUMBER
e BVEVEING ccnrv REV (IR

SUMMARY

The entire testing program of the Model 737-100, including company and certifi-
cation tests, was compared with the testing requirements of various MIL speci-
ficaticns of the Air Force. The areas covered were: Flying Qualities,
Propulsion, Structures, Systems, and Flight Manuals. Only the actual tests

that have been planned and documented for the Model 737 were used for comparison.

The Military and Civil test programs are very similar. In some cases the
"minimum airworthiness" concept of FAR Part 25 does not require testing that
is called for in the MIL specifications. However, the company engineering,
precertification, and customer guarantee tests almost always fill the gap.

In a strict interpretation of the requirements some additional flight testing
would be required to meet all conditions of the MIL specifications. An
estimate of the additional flight hours required is as foliows:

Flying Qualitites {MIL-F-87€5)

Paragraph Additional
flo. Title Flight Hours

3.3.1 Elevator Fixed Static Stability 10
3.3.2.1 Elevator Free Static Stability 1
3.3.9 Control Forces In Steady Accelerated Flight 5
3.3.9 Control Forces in Dives with Trim

3.4.2 Spiral Stability

3.4.9 Adverse Yaw

3.4.11.1 Ten Degree Sideslip at 1.1 vS

3.4.16.7 Lateral Control Effectiveness at MD
3.5.7 Ro11-Pitch-Yaw Coupling
3.7.3 Trim Change with Boost Failure

3.7.4 Longitudinal Control on Alternate Systems
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Flight Manuals (MIL-F-7700A)
Runway Surface Conditions - Three refused takeoffs
Military Electronic Installation

Additional testing would be required, not because of any
descrepancy in the specification, but because Military hard-
ware would be installed rather than the civil equipment. For
the installation described in the electronic system

section a total of 19 flight hours would be required if the
items were tested on an individual basis. In a coordinated
test program with concurrent testing this would be reduced

to approximately 12 hours.
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FAA TEST PHILOSOPHY

The FAA test philosophy differs from the Air Force philosophy primarily in the
way the requirements are written. The FAA does not write design specifications.
They go to great lengths to avoid it. That is the main reason so many of the
requirements have phrases 1ike "operate properly for the intended function."

The interpretation of most of these requirements are found in the "Advisory
Circular® for the FAR Part 25 and in the "Policy" statements for the old CAR 4.b
The CAR 4.b policy is still good for the Part 25 unless it has been changed by
an Advisory Circular.

Because they have relatively less direct control of the design of the airplane,
the FAA looks to the manufacturer to tell them what will be tested and how it will
be demonstrated. The Boeing method, which is unique in the industry, is to write
the "FAA Demonstration Flight Test Specification" document. This document 1is
studied by the FAA. They then call a series of "Type Board Meetings." In these
meetings the test program and airplane design is discussed in length. The FAA
presents a critique of the Spec Document and proposals for changes and additional
testing. The end result of these meetings is the "Type Inspection Authorization”
(TIA) issued by the FAA. The TIA is the "bible" for the FAA Demonstration. The
Spec Document is incorporated in*o, ind becomes part of, the TIA.

The FAA test pilot is directly responsible for conduct of the tests. His

opinion is very highly regarded. I[f he feels that there is some problem in the
airplane, he can request changes to the testing or additional tests. Normally
his requests are honored. However, if there is a serious difference of opinion,
the Type Board can be convened at any time to change or add to the TIA. The TIA
i5 not really firal until the "Type Certificate" is issued. The TIA testing must
be complete before the airplane is certified but a few minor exceptions may be
allowed. The cleanup of these exceptions are the first order of business for

the follow-on program. When changes are made to the airplane, it must be
"Recertified" by demonstrating the changed item only. Any change in configuration
must be certified even if it is just a new combination made up of previously
certified items. <Each airline has a slightly different configuration, usually
in equipment or furnishings.)

To ensure that tha airplane is as the manufacturer says it is, prior to the start
of FAA demonstrations, the FAA holds a “"Conformity Inspection" of the test
airplane. The FAR inspgection checks 211 parts of the airplane against the
blueprints. If any change is made, the manufacturer must “"get conformity” on
the change before it can be demonstrated.

The FAA is concerned more with the proper and safe operation of the airplane
than with reliability, maintainability, or performance except as it effects
safety (e.g., they are very concerned with the maintenance done on an airplane
but not with the amount of effort required to do the maintenance). Therefore,
while they tend to be specific on takeoff and landing performance, they tend not
to be interested in cruise performance, specific fuel consumption, etc. These
items come under a whole new heading called "Customer Guarantees" and are
contained in the detail specification for each customer airplane.
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DESCRIPTION OF BOLING COMMERCIAL TEST DOCUMENTATION

The basic unit of paper used for test work is the Engineering Work Authorization
(EWA). The EWA has three functions: one, it aithorizes the work tc be done;
two, it describes the test; and three, it 1s used as a “control” number for
Planning and Cost Accounting. A1l test work 2t Eoeing is done under an EWA.

A typical EWA is reproduced in Appendix B.

Many EWA's are written for the tests to be conducted on any one model airplane.
To assist the System Test Group in planning the conduct of these tests an EWA
index document is written. This is called the “Engineasring Test Plan.® Appendix
A contains a description and some typical pages. Because ail the co=pany pre-
certification tests EWA's are indexed in it, the docuzent is used as 2 “controi”
or reference for test planning.

The certification tests for the FAR are handled a little differently. A
single EHA is written to cover all the certirication tests. The Flight Test
Section then writes the "FAA Demonstration Fiight Test Specification.™ This is
shown in Appendix C. This document outlinss the actual test conditions in

sufficient detail to accurately define the test. It is similar in scops to the
One-Page Test Plans of AFR 375.

These two documents, the Engineering Test Plan and the FAA Descastration Flight
Test Specification,are the two prime refersnce sources for the tests to be
conducted on the airplane. For a cooplete description of tnc Precertification
Tests the individual EWA's would be reguired.

Engineering Sround Tests

For the ground tests tonducted by the engineering staff, the tWA is the
compiete record of the test. The results, recommendztions, and observa-
tions are all referenced to the EXA.

Engineering Flight Tests (Fi's)

The same basic procedure is used for the FI's conducted by the Flight
Operations Section. Howev2r, due to the different nature of the testing
program, the Flignt Opsrations Section imposes itc own system uypon the
basic procedure (The EWA <till res2ins the primary piece of paper and

all others are raferenced to it.} The test EWA is rewritten into 2 Plan
of Test which is a detailed descripiion of exactly how the test shzll be
conducted on the airplane. At the conclusion of each test the glan, flight
icg, manual notes and any other pertinent information is released to the
“#lans, Logs, and Data™ document. Each airplane has its own document.

HWhan 2 test item is completed and the data znalyzed, a Test Item Anzlysis
Beport is written. These reporis are released to the “Analysis Report
Document _®

Appendix B contains a typical EWA, Pian, and Analysis report.
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FAA Demonstration Tests

The only major difference in procedure for Demonstrations is that the
reports are signed by the FAA pilot and are released to the FAA by the
Boeing Airworthiness Unit, The reports are the property of the FAA
and became part of the FAA Type Inspection Report.

Flight Test Technical Manual Volume II

Volume II of the Flight Test Technical Manual contains descriptions, back-
ground, instrumentation, data requirements, and data reduction for FAA
demonstration tests. It is an informational rather than a control document.
A typical section from this document is in Appendix D.

Other Documentation

The above is a brief descripticn of the test documentation only. There are
many other documents that are used in conjunction with the test documents
to completely document the test program. A complete description of all
these is beyond the scope of this study. It is sufficient to say that
very complete records are kept of all phases of flight test work.
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FLIGHT HOUR COMPARISON
737-100 vs 737-100 Military

737 737 M

Design Proving FAA Cert Cat I Cat II Cat III
and Development  Demos

Preliminary Evaluation 30 30

Performance 84 90 90 100
Pilot Static and OAT Sys 5 10 5 10

Stability and Control 70 39 80 50
Stalls 25 15 25 15

) ) B 1 W

Engine and Fuel System 20 26 25 30
Systems
; Environmental Control 20 36 20 35
! Hydraulic 16 7 15 10
Electric 3 4 5 5
Pass, Cargo, Misc 3 4 5 5
Nav and Comm 7 9 10 10
Brakes 12 3 15 5
Autopilot 39 10 50 30
Flight Inst 5 5 5 5

Structures
Flutter 40 40
Vibration and Fatigue 15 15
Structural Demonstration 20

Acoustics 8 1 10 5

Furictional and Reliability 150
System Integration and
Maintainability 190
Accelerated Service Testing 780

Non-Test Flying (Misc)

i Functional Chk F1t 30 30
| Sales and Publicity 50

i Ferry 20 20
} Pilot Evaluations 20 2

Boeing crew training 900

Customer crew training 800 1885
and route proving

GRAND TOTAL 2631 3805
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FLIGHT TEST PROGRAM COMPARISON

o COMMERCIAL 747
Vs
23

747 MILITARY DERIVATIVE

(excerpts from
Flight Test Requirements Study -
Commercial 747 Versus Military

Derivative 747M)
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INTRODUCTTION

Air Force Regulation No. 80-36 states the policy and procedure for assuring
that Air Force aircraft meet civil airworthiness standards set by the
Federal Aviation Administration (FAA). Paragraph 4.f of AFR 80-36 states
that the Air Force Systems Command is responsible to "Accept and use the
results of FAA evaluations wherever possible, to reduce Air Force develop-
ment and test effort or any other effort which might needlessly duplicate
that already expended by FAA. Accept and use the results of FAA determina-
tion of compliance with civil air regulations."

- O it <+ o o rn e

.-

This document records the results of a study to determine the extent to
which the 747 commercial airplane qualification flight test program will
satisfy the military qualification requirements for the 747M, Advanced

o b - o

Airborne Command Post airplane (AABNCP). The use of this information can
eliminate duplication of effort on the 747M flight test program, and
thereby comply with AFR 80-36.

The format of the data sheets, pages 10 through 42, is set up to follow
the pertinent paragraph numbering system of the applicable military
specification, which is designated at the top of the sheet. Equivalent
or similar test requirements of the Federal Aviation Regulation (FAR)
and Boeing engineering are noted in adjacent columns.

USE FOR TYPEWRITTEN MATERIAL ONLY

In regard to the FAR and Boeing engineering requirements the following
items are emphasized:

The FAR alone would not satisfy the military specification requirements.
The Federal Aviation Administration (FAA) is more concerned with

proper and safe airplane operations, and less with the economic aspects
of maintenance, fuel consumption, etc. However, Boeing and each
customer airline are concerned in all aspects of the airplane,
including economy, safety, reliability, maintainability, performance,
etc. To verify that a commercial airplane meets the design require-
ments and is capable of meeting customer guarantees, engineering ground

tests and flight tests are conducted prior to the FAA certification
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flight test program.

These engineering tests ensure that the airplane configuration to be
submitted for FAA certification meets the design requirements and
satisfies the customer guarantees. The engineering test program for
each type of commercial airplane is documented in detail.

2. The Boeing documentation for the 747 commercial airplane flight test
program is in preparation, but not completed as of this date. The
document descriptions on page 7 are based on actual preliminary

The data sheets do NOT include qualification testing of new or modified
subsystems peculiar to the AABNCP missions.. It is anticipated that many
components used in modified subsystems will be identical to components
qualified for the commercial airplanes; therefore, military qualification
tests of these subsystems can be minimal. New subsystems will be tested
in accordance with applicable military specifications.

documents and similar documents on other commercial airplane programs.
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REFERENCE DOCUMENTATION

MILITARY SPECIFICATIONS

AFR 80-36
MIL-F-8785
MIL-T-259208
(USAF)
MIL-S-5711
MIL-A-8860
MIL-A-8866
MIL-A-8870
MIL-T-5522C
MIL-F-25381
MIL-T-8207A
(USAF)
MIL-A-9482
MIL-1-8700

(USAF)
MIL-E-6051

MIL-M-7700A

Civil Birworthiness Standards for USAF
Transport Aircraft

Flying Qualities of Piloted Airplanes

Test, Ground and Flight, Aircraft Gas
Turbine Propulsie~ System Installation

Structural Criteria, Piloted Airplanes,
Structural Tests, Flight

Airplane Strength and Rigidity, General
Specification for

Airplane Strength and Rigidity, Reliability
Requirements, Repeated Loads, and Fatigue

Airplane Strength and Rigidity Vibration,
Flutter, and Divergence

Test Procedure for Aircraft Hydraulic and
Pneumatic Systems, General

Flight Testing, Electric System, Filoted Aircraft
and Guided Missile, General Requirements for

Test Procedure for Aircraft Pressurized
Compartment

Anti-Icing Equipment for Aircraft, Heated
Surface Type, General Specification for

Installation and Test of Electronic Equipment
in Aircraft, General Specification for

Electrical-tElectronic System Compatibility and
Interference Control Requirements for Aeronautical
Weapons Systems, Associated Subsystems and Aircraft

Manuals: Flight

FEDERAL AVIATION ADMINISTRATiCN

FAR Part 25

Airworthiness Standards: Transport Category Airplanes

s iian et
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SUMMARY

This comparison study of the flight test program being planned for the
commercial 747 and the flight test program defined by military specifica-
tions for cargo type aircraft (as applicable to the 747M ABNCP) indicates
the following:

1. The combined civil requirements (FAR Part 25, Airworthiness Standards,
Boeing engineering precertification tests, and the FAA certification
flight test specification) will generally meet or exceed the
equivalent military specification requirements.

2. The following tabulation lists the unmodified items common to both
airplanes which will require additional testing to fully comply
with military specifications.

Additional
MIL Spec Para. No. Title F1t. Hours
MIL-F-8785 3.3.1 Elevator-Fixed Static 10
Stability
3.3.2 Elevator-Free Static 1
Stability
3.3.9 Control Forces - Steady 5

Accelerated Flight

3.3.10 Control Forces in Sudden 2
Pull-Ups

3.3.16.1 Control Forces in Dives 1
with Trim

3.4.2 Spiral Stability 1

3.4.9 Adverse Yaw 1

3.4.11.1 Ten Degree Sideslip at 1.1 1
Stall Speed

3.4.16.7 Lateral Control Effectiveness 1
at Design Dive Speed

3.5.7 Rol11-Pitch-Yaw Coupling 2

SHEET
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MIL Spec Para. No.

MIL-F-8785 3.7.3
(continued)

3.7.4
MIL-F-25381

MIL-1-8700

MIL-E-6051C

MIL-F-7700A

Title

Trim Change with
Boost Failure

Longitudinal Control -
Alternate System

Essentially a new electric
system for 7474

Essentially a new electronic
system for 747M

Revised electric-electronic
systems will require complete
EMI tests

Additional taxi tests required
to obtain refused takeoff data

TOTAL

Additional
F1t. Hours

2

Ground
Tests

28 F1t. Hours

Extensive system modification will require qualification in

accordance with applicable MIL Spec.

cluded in the Flight Test Program estimate.

Flight hours are in-

The additional testing indicated above does not include testing of the

new or modified subsystems required for the AABNCP mission. However,
the additional flight test hours noted above will be combined into the
total flight test program for the 747M,
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3.0 REQUIREMENTS.

3.1 Technical Manual Program Objective. The objective of the Bare
Sase Technical Manual Program is to provide adequate data at
minimum cost. Methods used to achieve this goal include:

a. Use of existing technical data whenever it substantially
lowers cost without seriously reducing overall data useful-
ness or technical accuracy.

b. Adequate, timely, and repetitive review of total data
requirements to ensure data essentiality and to avoid
unnecessary secondary generation of data.

3.1.1 Bare Base Integrated Data Concept. The technical manuvals
supporting the Baie Base systems/equipinent are developed using
the Bare Base Integrated Data Concept shown in Figure 3-1. This
concept provides for a "single-procedure" policy in consonance
with the reguirements of Air Force Regulation 8-2, AFSCM 310-2,
and TO 00~-5-1 as cited on Figure 3-2, Maximum utilization is
made of available source data with a minimum of undesirable
duplication. Technical manuals are developed as an integral part
of the total system requirements for hardware engineering develop-
ment, production and testing. In this manner, adequate, and com-
patible technical manuals are provided that are reliable and cost
effective!

Where commonality exists between the in-house engineering, test
and other manuals, the data is prepared only once in support of

all phases of the Bare Base Program. Tuhe initially reguired
developmental and test procedural data applicable to the TO
program are structured to satisfy the latter program.

Thus, under this integrated data approach, those procedures de-
veloped for use during the design, development, and test programs
that are prototypic of, or identical to, preduction or operational
program procedures are prepared so that they may ke readily
expanded to meet the eventual technical order requirements. When-
gver feasible the format and stvle, as well as content, of de-
veloprment R&D program data are tailored to the established oper-
ational TO program regquirements. Procedural support data, which
aze anticipated to satisfy the operalional TO program, are in-
corporated in preliminary technical manuals or aPS5CM 310-2 De-
velopmental Program Manuals (DPMs): The technical procedural
data peculiar to design, development, and test programs, with
negligible application in operational TOs, are developed to
provide minimum essential data consistent with adequate: support
for the activities involved,
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“Planning for TOs to support a system must begin
during the earliest planning phases." (AFR #-2)

*pPlanning for TO development must be concurrent
with the overall program planning effort." {310-2)

“The principal reason for inadvertent data regen-
eration is lack of information to identify data
previously prepared." (310-2)

*Planning for TOs to support a system will begin
early -~ Planning will encompass all engineerinrg
and procedural support data. -- The data which
will evolve into TOs will be identified and pre-
pared in a format that will permit economical
transition to TOs. To prevent undesirable dup-
lication of effort, contractors will be encour-
aged to assign data specialists, supported fully
by corporate management, who will provide close
direction, surveillance and control over the
total data development program.” (00-5-1)

"Engineering data, procedural data, or any other
data that may be used for TO development, should
be prepared in a manner that permits timely and

economical transition to TOs." (310-2)

"Contractors will be encouraged to use TO speci-
fication format as guide whenever feasible for
preparation of engineering procedures." (310-2)

"Previously d=veloped procedural support data and/
or DPMs should be utilized to the maximum extent
possible in the development of formal TOs." (310-2)

"Data acquired to support RaD on a new System,
which is <r could be applicable to the TO system,
will be procured in a format that may be readily
expanded for publication in accordance with a
military specification. This simplifies publica-
tion efforts if TOs eventually require prepara-~
tion in accordance with military specifications
and formats. When TOs are required, in addition
to commercial data and engineering data for
support cf R&D programs, these manuals are devel-
oped to be equivalent to preliminary TOs oxr DPMs.™
(AFR 8-2)

Figure 3-2 Basis for Bare Base Integrated Data Concept
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